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In India's planning history no proper attention was given 
to the hill areas up to the year 1969 except to the extent that 
they wore covered only under general framework of the Community 
Development Programme. During the 4th PYP period these areas 
were identified and classified as 'Backward Areas' and were given 
some consideration, though still inadequate, to enhance the 
economic development. It was only in the 5th FYP (1974-1979) that 
specific programmes were formulated with the aim of improving 
economic situations of the farmers. The primary thesis of this 
study is the contention that a successful planning programme in 
the agricultural sector must start with the individual farm units 
as the basic planning unit. The planning objective is to enable 
the farmer to secure higher income levels and greater employment 
opportunities in the context of general economic deve1opment.
Farmers need assistance in planning, evaluating, and developing 
more productive and profitable systems of operation and in this 
study an attempt is made to assist this decision making process 
employing both linear programming (1-P) and Monte Carlo Simulation 
in complementary fashion.
In this analysis two average size farms, small and large, are 
considered in order to represent most of the farms in the area.
To make the plans more relevant, attention is given to the farmers' 
resources, family goals, needs and the problems which impede their 
progress under the existing technology. The analysis proceeds 
further, introducing improved technology in the form of new, 
improved, and high yielding crops into the existing situation 
whilst maintaining other specified constraints. In all, 'eight 
alternative farming systems' are examined to provide farmers with 
a wide range of choice.
A major objective of this study was to test whether resource 
allocation between existing and new enterprises would enhance farm 
income both under existing and improved technologies .
Application of LP suggested a marked increase could be obtained 
in farm income and surplus supplies of human labour and cash could 
be utilized on both the farm sizes under existing technologies.
(Vi)
With improved technology, the available cash and human labour 
supplies (particularly in the month of May) are found insufficient 
to meet growing requirements owing to the introduction of cash 
and labour intensive food and cash crops. The initial credit 
supplies made available to the farmers also failed to meet the 
enlarged demand for cash. Alternatives presented with unlimited 
credit availability, exploited the resources and generated higher 
level of incomes. Thus, it clearly indicates the increased 
employment potential in the farming sector if improved technology 
is made available together with credit facilities.
An important piece of information gathered from the dual 
solutions indicated that cash and credit supplies (only in plans 
with limited credit availability) and irrigable land are the main binding 
constraints. Human labour is also found to be a binding constraint 
but the supplies can be increased in critical periods as the area is 
in labour surplus. Parametric variations of these constraints arc 
examined to investigate the effects of farm income, etc. An exercise 
with paramaterization of credit availability showed the limits of 
profitable credit use. This was shown to be higher than that of 
the original availability. The restriction on irrigable land 
was relaxed (which is possible only in long term) and showed that 
small farms are more efficient users of irrigable land than larger 
farms. This was reflected in the relative increase in income of 
both farm groups under study.
Calculations were made employing Monte Carlo simulation to 
complement the LP results using the same input-output coefficients.
These generated a range of variable plans, unlike LP, for each of 
the alternatives. Thus, simulation offered a number of choices to 
the decision maker, the farmer, depending upon his subjective 
criteria and resource supplies. The risk management problem 
was also tackled applying a multi-objective approach which showed 
that these sub-optimal solutions are of great importance if more 
than one objective were to be considered. The results suggested 
that it is the future development, of the labour market in the area, 
not the risk and uncertainties associated with yields and prices 
of farm inputs and products, which would affect the farmers' 
strategy in the selection of enterprise combinations or farm plans.
( v i i )
I t  i s  e v i d e n t  from t h i s  s tudy  t h a t  a combination o f  t h e s e  two 
programming t e ch n iq u es  employed i n  farm p la n n in g  p rocess  would 
p rov ide  a much more r e a l i s t i c  b a s i s  fo r  d e c i s i o n  making by o f f e r i n g  
a range  o f  s o l u t i o n s  w i th  wide v a r i a b i l i t y .
A f u r t h e r  o b j e c t i v e  o f  t h i s  s tudy  was to t e s t  the  
a p p l i c a b i l i t y  and r e l i a b i l i t y  o f  LP and Monte Car lo  s im u l a t i o n  
t e c h n iq u e s  f o r  t h e  purpose o f  farm p l a n n in g  in  the  h i l l  a rea s  
o f  U t t a r  Pradesh - c o n s i d e r i n g  the  i n d i v i d u a l  fami ly  farm as a 
p la n n in g  u n i t .  Though r e s u l t s  o b t a in e d  show g r e a t  promise the 
l i m i a t i o n s  o f  d a t a  r e q u i r e  t h a t  they  should  be t r e a t e d  c a u t i o u s l y  
f o r  p la n n in g  p u rp o s e s .
To make p lans  more e f f e c t i v e  and p r a c t i c a b l e ,  d a t a ,  
p a r t i c u l a r l y  i n p u t - o u t p u t  c o e f f i c i e n t s ,  should  be updated  and 
h o r t i c u l t u r a l  crops  - f r u i t  crops - shou ld  a l s o  be in c lu d e d  in  the  
p l a n s .  F i n a l l y  i t  i s  su g g es ted  t h a t  a dynamic model should  be 
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•CHAPTER 1
L .
BACKWARD AREAS AND PLANNING IN INDIA
Under-dcvclopmcnt and backwardness of an area is generally 
reflected in the prevailing economic, social, cultural, and 
technological conditions. ilic Hill areas in India are charactcrized 
as backward arcas^ where a very high proportion of the working popul­
ation is engaged in primary industries such as agriculture, animal 
husbandary, forestry and mining, other employment opportunities 
being meagre or almost non-existent, ill us, there is an absolute 
over-population in agriculture, resulting in disguised unemployment.
The overall investment of capital per head is very low, indicating 
a traditional and old technology. Cultivation is intensive with 
terraces constructed on the hillsides. Holdings arc small, scattered 
and highly fragmented. With poor soils and a high degree of erosion, 
per acre yields arc low in the absence of suitable improved 
technology. Agricultural production mostly comprises cereals.
Family budgets indicate, a large proportion is spent on food and 
other necessities and reflect subsistence living standards in the 
hill areas. Indebtedness relative to assets and income is typically 
high and poor credit and market facilities create further complications 
for the development of hill areas. The impediments to transportation 
and communication play an important role in determining the success
of any development programme. Education facilities are adequate
2and lienee the incidence of literacy is high . As a result of social 
"taboos" the status of women is inferior. In the hilly areas, there 
is widespread exploitation of child labour because of difficulties 
in achieving minimum levels of subsistence living.
N.C.A.E.R.(1966): Survey of Hilly and Backward Areas of Punjab. 
National Council of Applied Economic Research, New Delhi,
India, p.l.
This represents a typical feature of Hill Region of Uttar Pradesh.2
2 .
At the t ime o f  independence th e s e  f e a t u r e s  were s u f f i c i e n t l y  
p r e v a l e n t  f o r  the  whole count ry  t o  be rega rded  as backward.
Soon a f t e r  a ch iev in g  independence ,  i n  1947, the Government of  
I n d ia  dec ided  to  r e o r g a n i s e  th e  c o u n t r y ' s  r e s o u rc e s  f o r  economic 
development.  The con t inued  p e r s i s t e n c e  o f  the se  f e a t u r e s  c r e a t i n g  
r e g io n a l  imbalances  ( I n t e r s t a t e  and I n t r a s t a t e )  through Indian 
p la n n in g  h i s t o r y  lias been one o f  t h e  endur ing  problems f o r  our 
.p lanners  and a d m i n i s t r a t o r s .  This  problem has a t t r a c t e d  t h e o r e t i c a l  
d i s c u s s i o n s ,  e m p i r i c a l  r e s e a r c h  and e s p e c i a l l y  p o l i t i c a l  concern  
in th e  recen t  yea rs  o f  the pos t - in d e p en d en ce  p e r io d .
Removal o f  r e g io n a l  d i s p a r i t i e s  in  the  l e v e l s  o f  development
has been accep ted  as one o f  the  most im p o r tan t  o b j e c t i v e s  o f  the
planned  development o f  I n d i a .  In t h i s  d i r e c t i o n ,  th e  F i r s t  Five 
3
Year Plan (FYP) f o r  the  p e r io d  c o v e r in g  1951-1955, was fo rmula ted  
with a major emphasis  on a g r i c u l t u r e  and community development in 
a p p r e c i a t i o n  o f  th e  f a c t  t h a t  a m a jo r i t y  o f  the  p o p u la t i o n  i s  
engaged i n  a g r i c u l t u r e ,  and t h a t  an improvement would i n c r e a s e  t h e i r  
incomes and s t a n d a r d s  o f  l i v i n g .  I t  was a l s o  f e l t  t h a t  w i thou t  a 
s u b s t a n t i a l  i n c r e a s e  in  the  p ro d u c t i o n  o f  food and raw m a t e r i a l s  
needed f o r  i n d u s t r y ,  i t  would be im p o ss ib le  to s u s t a i n  a h ig h e r  
tempo o f  i n d u s t r i a l  development.
As p a r t  o f  the  development e f f o r t  f o r  a g r i c u l t u r e  and r u r a l
a r e a s ,  the  Community Development (C.D.) Programme was s t a r t e d  on
2nd October ,  1952 with  the  aim o f  s e c u r i n g  th e  p a r t i c i p a t i o n  o f  each
r u r a l  fami ly  with  a view to  i n c r e a s i n g  i t s  s t a n d a r d  o f  l i v i n g  through
development o f  c o o p e ra t i v e  a c t i v i t i e s ,  c o n s o l i d a t i o n  o f  h o ld i n g s ,
development o f  v i l l a g e  and small  i n d u s t r i e s  t o  c r e a t e  employment
f o r  women and r u r a l  you th ,  o r g a n i z a t i o n  o f  programmes to  h e lp  weaker
s e c t i o n s  o f  the  community, i n t e n s i v e  work i n  t r i b a l  a r e a s ,  and
development o f  p ancha ya ts  as i n s t i t u t i o n s  a c t i v e l y  r e s p o n s i b l e  f o r
4v i l l a g e  development . This C.D. programme, which was des igned  to
Planning  Commission (1951): The F i r s t  F ive Year P lan -  A D ra ft 
O u tlin e .  P lann ing  Commission, GOI, New D elh i ,  J u l y  1951.
J a i n ,  P.C.  (1972): Economic Problems o f  In d ia . Chai tanya  
P u b l i s h in g  House, A llahabad ,  p p . 154-156.
3 .
cover  a l l  v i l l a g e s ,  t r e a t e d  backward a r e a s ,  such as h i l l  a r e a s ,  
l i k e  any o t h e r  which made i t  d i f f i c u l t  t o  succeed  i n  th e s e  a r e a s .
No s p e c i a l  programme was a t  t h a t  t ime sugges ted  to  improve the  
economy o f  th e s e  backward a r e a s .
In the  Second Five Year Plan (1956-60) ,  where g r e a t e r  
importance was given to  i n d u s t r i a l  development,  a g r i c u l t u r a l  p la n n in g  
s t i l l  occup ied  an im por tan t  p l a c e .  Although no p lans  were made 
e x p l i c i t l y  f o r  backward a r e a s ,  th e  coverage under the  C.D. programme 
was expanded under t h i s  p la n  to o .  The i s s u e  o f  improving th e  
c o n d i t i o n  o f  backward a rea s  was r e f e r r e d  to  in  both the  1s t  and 2nd 
FYP's,  however a d e f i n i t e  approach to  the  problem was s p e l t  out  only  
in  the  3rd Five Year P lan:
Development o f  a reg io n  and o f  n a t i o n a l  economy as a whole 
have to  be viewed as p a r t s  o f  s i n g l e  p r o c e s s . The p ro g re s s  
o f  the  n a t i o n a l  economy w i l l  be i ' c f l e e t e d  in  the  r a t e s  o f  
growth r e a l i s e d  by d i f f e r e n t  r e g io n s  and, in  t u r n ,  g r e a t e r  
development o f  r e s o u r c e s  in  t h e  reg ion  must c o n t r i b u t e  
towards a c c e l e r a t i n g  the  r a t e  o f  growth f o r  the  co u n t ry  as 
a w h o l e . . .  Whatever the  p r e s e n t  s h o r t  comings the  aims 
must be t h a t  ove r  a r e a s o n a b l e  p e r io d  a l l  r eg ions  in the  
coun t ry  shou ld  r e a l i s e  t h e i r  p o t e n t i a l  fo r  economic 
development and should  a t t a i n  l e v e l s  o f  l i v i n g  no t  f a r  
removed from those  o f  t h e  n a t i o n  as a whole.^
In the  3rd FYP the  a g r i c u l t u r a l  development programme was made more 
s e l e c t i v e  wi th schemes such as IADP ( I n t e n s i v e  Area Development P r o j e c t )  
i n  1960-61 which was l a t e r  ex tended  i n  the  form o f  IAAP ( I n t e n s i v e  
A g r i c u l t u r a l  Area P r o j e c t ) . These e f f o r t s  were c o n c e n t r a t e d  in  
r e s o u rc e  favoured  a r e a s .  With no s p e c i a l  programme f o r  backward and 
h i l l  a r e a s ,  t h e s e  were s t i l l  r e l i a n t  on the  C.D. scheme.
The f i r s t  t h r e e  FYP's f a i l e d  t o  d i s t r i b u t e  th e  f r u i t s  o f  economic
development t o  the  backward a rea s  and h i l l  a r e a s .  Hie Fourth  Plan
7(1969-74) took note  o f  the  widening gaps o f  r e g io n a l  d i s p a r i t i e s
P lann ing  Commission (1961):  Third  Five Year F lan. P lann ing  
Commission, GOI, New D e lh i ,  June
Gupta,  S. (1970):  Ind ian  Economy: i t s  Growth and Problems.
S. Gupta B ro s . ,  C a l c u t t a ,  p.  185.
P lann ing  Commission (1970):  Fourth Five Year Plan. P lann ing  
Commission, GOI, New Delh i ,  J u ly
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and observed  t h a t  because  o f  i n t r i n s i c  l in k ag es  between i n f r a ­
s t r u c t u r a l  f a c i l i t i e s ,  i t  would no t  be p o s s i b l e  to  b r i n g  about 
improvements i n  the  s i t u a t i o n  u n le s s  a t t e n t i o n  was pa id  t o  l a rg e  
s c a l e  expans ion  o f  i n f r a - s t r u c t u r a l  ne twork .  With an o v e r a l l  
o b j e c t i v e  o f  r a p i d  development accompanied by con t inuous  p rogress  
towards e q u a l i t y ,  s o c i a l  j u s t i c e  and economic democracy the  plan 
rec o g n i se d  f o r  the  f i r s t  t ime ,  th e  need f o r  s p e c i a l  programmes 
f o r  the  development o f  backward a rea s  s t a t i n g :
A number o f  S t a t e s  have i d e n t i f i e d  s p e c i a l  a r e a s  ( h i l l  
and b o rd e r  a r e a s ,  backward a r e a s ,  o t h e r  s p e c i a l  a reas  
l i k e  drought prone a r e a s  and t r i b a l  a r e a s )  w i th in  
t h e i r  boundar ie s  r e q u i r i n g  measures for  a c c e l e r a t e d  
deve lopment .8
A scheme was i n t r o d u c e d  under  which 229 d i s t r i c t s  have been i d e n t i f i e d  
as backward.  In a d d i t i o n  to  the  e f f o r t s  made by S t a t e  Governments,  
the  Union Government took up s e l e c t i v e  measures du r ing  the  fou r th  
Plan to dea l  with  p a r t i c u l a r  problems o f  c e r t a i n  backward a r e a s .
A sum t o t a l  o f  Rs 43.55 c r o r e s  was a l l o t t e d  to  overcome the  problems 
o f  t h e s e  backward a r e a s .
To fo rm u la te  a p p r o p r i a t e  p o l i c y  and o p e r a t i o n a l  programmes,  
t h e s e  a rea s  i d e n t i f i e d  as backward were d iv id e d  i n t o  two groups:
a. Areas with  un favourab le  p h y s ic o -g e o g ra p h ic a l  c o n d i t i o n s ,  
t e r r a i n ,  c l i m a t e ,  and r e g io n s  i n h a b i t a t e d  by people 
w i th  t y p i c a l  c u l t u r a l  c h a r a c t e r i s t i c s . These would 
in c lu d e  h i l l  a r e a s ,  t r i b a l  a reas  and drought prone 
a r e a s ;
b.  econom ica l ly  backward a rea s  marked by adverse  land-man 
r a t i o ,  lack  o f  i n f r a s t r u c t u r e  o r  in a d e q u a te  development 
o f  r e s o u rc e  p o t e n t i a l s .
Under the  4 th  FYP, a p r o v i s i o n  was made f o r  l i b e r a l i z e d  c e n t r a l  
a s s i s t a n c e  i n  r e c o g n i t i o n  o f  the  h ig h e r  c o s t s  and poor r e t u r n s  from 
inves tm en t s  in  h i l l  a r e a s .  In a d d i t i o n ,  S t a t e  Governments were 
a l s o  encouraged  to  d i v e r t  t h e i r  r e s o u r c e s  s u b s t a n t i a l l y  to  develop 
h i l l  a r e a s .  The C e n t ra l  A s s i s t a n c e  Scheme p rov ided  50 per  cent
8 Plann ing  Commission 
P lann ing  Commission
(1966): D ra f t:  Fourth  Five Year Plan.
GOT, New D e lh i ,  p .4 3 6 .
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o f  such e x p e n d i tu r e s  i n  h i l l y - s t a t e s  and 30 p e r  ce n t  to  o t h e r
s t a t e s  f o r  h i l l  development .  Apar t  from the  weight  g iven to
backward s t a t e s  i n  the  a l l o c a t i o n  o f  c e n t r a l  a s s i s t a n c e ,  programmes
f o r  smal l  f a rm e rs ,  marg ina l  f a rm e rs ,  and i n d u s t r i a l l y  backward
0
a re a s  were a l s o  commenced. A s p e c i a l  programme l o r  s u b s i d i z i n g  
t r a n s p o r t  c o s t  on machinery and raw m a t e r i a l s  up to  SO p e r  cent  
was a l s o  i n t r o d u c e d  to  encourage new i n d u s t r i a l  e n t e r p r i s e s  in  the  
h i l l  a r e a s .  In a d d i t i o n ,  a h i l l  a r e a  c e l l  was a l s o  s e t - u p  in 
P lann ing  Commission to  a s s i s t  S t a t e s  i n  p r e p a r i n g  i n t e g r a t e d  
p lans  fo r  development o f  h i l l  a r e a s .
A c c e l e r a t e d  development o f  backward a rea s  such as h i l l  a reas  
to  reduce  r e g io n a l  d i s p a r i t i e s  p r e s e n t s  very complex problems f o r  
economic p l a n n in g .  All  the  e f f o r t s  made to  lower the r e g io n a l  
d i s p a r i t i e s  th rough  c r e a t i o n  o f  f av o u ra b l e  c o n d i t i o n s  such as 
b e t t e r  marke t ing  f a c i l i t i e s ,  e t c . ,  in  backward a r e a s ,  a c c e n tu a t e  
th e  t r e n d  which favours  t h e  deve loped  a rea s  and t h e r e f o r e ,  made 
s p a t i a l  a l l o c a t i o n  o f  r e s o u r c e s  and a c t i v i t i e s  d i f f i c u l t  to  reduce 
the  i n e q u a l i t i e s  between backward and o t h e r  a r e a s .
The F i f t h  FYP (1974-79) pu ts  g r e a t e r  emphasis  on s e l e c t i o n  o f  
inves tm en t  o p p o r t u n i t i e s  and development s t r a t e g i e s  i n  th e  l i g h t  o f  
e x i s t i n g  s o c i a l ,  economic,  i n s t i t u t i o n a l  and t e c h n o l o g i c a l  
c o n d i t i o n s  and lo c a l  n e e d s .  D iscuss ing  backward a rea s  i t  has been 
mentioned t h a t  while  the  removal o f  backwardness has n e c e s s a r i l y  
to  be a long te rm g o a l ^ ,  co n c e r t e d  a t tem p ts  and the  development o f  
p r o d u c t i v e  p o t e n t i a l  o f  backward a r e a s  on a p r i o r i t y  b a s i s  i s  
e s s e n t i a l  f o r  l i q u i d a t i n g  th e  pockets  o f  a b j e c t  p ove r ty  as wel l  as 
f o r  promoting n a t i o n a l  c o n s o l i d a t i o n  by c r e a t i n g  c o n d i t i o n s  fo r  the 
a c t i v e  p a r t i c i p a t i o n  o f  a l l  a rea s  i n  t h e  development p r o c e s s .
P lann ing  Commission (1974): D raf t :  F i f t h  Five Year Flan.
P lann ing  Commission, GOI, New D e lh i ,  p.  282.
I b i d ,  p .  284.10
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The approach p a p e r  to the  F i f t h  P1 an ^  s t a t e s  t h a t  the  
e f f o r t s  made f o r  the  development o f  backward a reas  have so f a r  
g e n e r a l l y  y i e l d e d  in a d e q u a te  r e s u l t s ,  because  the  programmes f o r  
th e s e  a r e a s  were fo rm u la ted  f o r  i n d i v i d u a l  s e c t o r s  a t  th e  S t a t e  
and n a t i o n a l  l e v e l  in an u n c o - o r d in a t e d  f a s h io n  w i th o u t  t a k in g  
i n t o  c o n s i d e r a t i o n :
0 the  p o t e n t i a l  and p r i o r i t i e s  o f  d i f f e r e n t  a r e a s ;
° the  coverage ,  d imens ions and t h r u s t s  o f  o t h e r  
programmes taken  up in  the  a r e a ,  and
° the  o v e r a l l  o r i e n t a t i o n  and c a p a b i l i t i e s  o f  the
e x i s t i n g  a d m i n i s t r a t i v e  and i n s t i t u t i o n a l  s t r u c t u r e .
I t  i s  a l s o  s t a t e d  t h a t  s t a t e s  a re  s o l e l y  r e s p o n s i b l e  f o r  the  
development o f  t h e i r  backward a r e a s ,  however,  C en t ra l  Government 
would a l so  he lp  through p r o v id i n g  t e c h n i c a l  s u p p o r t  and by 
c h a n n e l l i n g  i n s t i t u t i o n a l  r e s o u r c e s .  In a d d i t i o n ,  in  c o n t in u in g  
the  f av o u rab le  p a t t e r n  o f  C e n t ra l  A s s i s t a n c e  o f  th e  Fourth  P lan ,  
Government a l l o t t e d  Rs.500 c r o r e s  f o r  the  development o f  h i l l  and 
t r i b a l  a r e a s .  For c e r t a i n  type s  o f  backward a rea s  l i k e  h i l l  and 
t r i b a l  a r e a s ,  the  p ro ces s  o f  development was sought  to  be 
a c c e l e r a t e d  through im p lem en ta t ion  o f  s u b -p la n s  f o r  those  a r e a s .  
The s t r a t e g y  adopted f o r  the  p r e p a r a t i o n  o f  those  p la n s  was to  
evolve a f u l l y  i n t e g r a t e d  development programme to  e n s u re  a l l ­
round development .  A sum o f  Rs 148.9 c ro r e s  was prov ided  as 
c e n t r a l  a s s i s t a n c e  f o r  h i l l  a r e a  s u b - p l a n s ,  t r i b a l  s u b - p l a n s ,  
T r i b a l  Development Agency P r o j e c t s ,  H i l l  Area Development P r o j e c t ,  
Drought-Prone Area Programme, SFDA/MFAL, and schemes under c e n t r a l  
s u b s id y  d u r in g  1976-77.  Of t h i s ,  Rs 36 c r o r e s  have been prov ided  
f o r  h i l l  a r e a  s u b -p la n s  as a g a i n s t  Rs 20 c r o r e s  in  1975-76.
These s u b -p la n s  cover  two d i s t r i c t s  o f  Assam, one o f  Tamilnadu,  
s i x  o f  U t t a r  Pradesh and one o f  West Bengal .
11 Rao, P .0 ,  and Sundaram, K.V. (1973) : Regional Imbalances in
I n d i a  - Some p o l i c y  i s s u e s  and prob lem s .  I . J . R . S . ,  V o l . 5, 
No. 1, pp. 61-80.
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A p r o v i s i o n  o f  Rs 5 c r o r c s  lias been made f o r  two H i l l  Area 
Development P r o j e c t s ,  one each in  Paur i  Garhwal ( U t t a r  Pradesh)  
and M a n i p u r . ^
P ursuan t  to  the  agreement the  U t t a r  Pradesh Government for
the f i r s t  t ime under took the  development o f  i t s  h i l l  a r e a s  in  the
l a t e  6 0 ' s .  A "Committee o f  D i r e c t i o n  f o r  Development o f  U t t a r
Pradesh H i l l s "  was s e t  up to  look a f t e r  the  h i l l  development
problems.  The Committee made a number o f  e n q u i r i e s ,  i n i t i a t e d
and conducted surveys  o f  ( i )  o p e r a t i o n a l  land h o l d i n g s ,  ( i i )  a r e a ,
p ro d u c t io n  and y i e l d  o f  c ro p s ,  ( i i i )  c o s t  o f  c u l t i v a t i o n  and
marke ting  o f  f r u i t s ,  and ( iv )  r u r a l  e n g i n e e r i n g  to  g e n e r a t e
in fo rm a t io n  about  the a re a  and to  fo rm u la te  r e a l i s t i c  development 
13p o l i c i e s .  For h i l l  development p l a n n in g  th e  most im p o r tan t  
problem i n i t i a l l y  has been p a u c i t y  o f  d a t a  and c once p tua l  and 
m e thodo log ica l  i n a d e q u a c i e s .  On the  b a s i s  o f  in f o r m a t io n  g a th e re d  
from surveys  and s p e c i a l  s t u d i e s ,  a s p e c i a l  p l a n ,  U.P. S t a t e  F i f t h  
Five Year Plan ( H i l l  Region)^was p r e p a re d  and p r e s e n t e d  to  the  
S t a t e  P lann ing  Commission.
In t h i s  P lan ,  b e s i d e s  s o c i a l ,  p o l i t i c a l  and economic a s p e c t s ,  
emphasis  was given to  a c o o r d i n a t e d  approach i . c .  w i th  C en t ra l  
Government, I n t e r n a t i o n a l  A genc ie s ,  A g r i c u l t u r a l  U n i v e r s i t i e s ,  
and lo c a l  i n s t i t u t i o n s  and o r g a n i s a t i o n s .  This  approach ,  with 
the  invo lvement and c o n t r i b u t i o n  o f  s e v e r a l  a g en c ie s  and i n s t i t u t i o n s  
such as IGADA (Indo-German A g r i c u l t u r a l  Development Agency) ,
Ford Foundation ,  G.B. Pant  U n i v e r s i t y  o f  A g r i c u l t u r e  and Technology, 
and the P lann ing  Commission, led  to  the  fo r m u l a t io n  and i n i t i a t i o n  o f  
RAPRAP (Rural Area P lann ing  Research  arid A ction  P r o j e c t ) . ^
D i r e c t o r a t e  o f  Economies 5 S t a t i s t i c s  (1976) : A g r ic u l tu r a l
S i tu a t io n  i n  In d ia .  M in i s t r y  o f  A g r i c u l t u r e  and I r r i g a t i o n ,  
Government o f  I n d i a ,  New D elh i ,  June ,  p.  122.
Government o f  U.P. (1974):  F i f th  F ive  Year P lan ( H i l l  R eg ion)  .
Lucknow, U t t a r  P radesh ,  J a n u a ry ,  p p . 2-3 .
Department o f  A g r i c u l t u r a l  Economics (1976):  R ural Area
D evelopm ent. G.B. P l a n t  U n i v e r s i t y  o f  A g r i c u l t u r a l  Technology,  
P an tn a g a r ,  N a i n i t a l ,  U .P . ,  I n d i a .
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'IllLs p r e s e n t  s tudy  seeks  to  ex tend  the  work o f  the  p r o j e c t  and in  
p a r t i c u l a r  to in c re a s e  the  p r e c i s i o n  and a c c e p t a b i l i t y  o f  some o f  
the f i n d i n g s  o f  the P r o j e c t .
1.1 Objectives of the Study
The s t r a t e g y  o f  development fo r  th e  h i l l y  a r e a s  w i l l ,  in 
the main,  be governed by t h e i r  p h y s i c a l  and c l i ma t i c  c o n d i t i o n s .
I t  would involve  a r a d i c a l  change in the land use p a t t e r n  on 
t e c h n i c a l l y  p e r m i s s i b l e  and econom ica l ly  more b e n e f i c i a l  l i n e s .  
T h e r e f o re ,  an a t tem p t  i s  made i n  t h i s  s tudy  to  i n v e s t i g a t e  the 
ways by which the  income gap between h i l l  a rea s  and o t h e r  advanced 
a rea s  ( a g r i c u l t u r e  only )  can be reduced  th rough g r e a t e r  e f f i c i e n c y  
o f  r e s o u r c e  a l l o c a t i o n  under d i f f e r e n t  s i t u a t i o n s .  A major 
emphasis  i s  g iven to  t e s t i n g  the  m e r i t  o f  d i f f e r e n t  forms o f  
p la n n in g  t o o l s / t e c h n i q u e s  f o r  b e t t e r  r e s o u rc e  a l l o c a t i o n  in the 
s tudy  a r e a .  The manner i n  which the  a v a i l a b l e  r e s o u r c e s  o f  l and ,  
l a b o u r  and c a p i t a l  should  be a l l o c a t e d  to e s t a b l i s h  more. n a t io n a l  
farm p la n s  i s  viewed from two a n g l e s .  F i r s t l y ,  from the  f a r m e r s '  
p o i n t  o f  view, n a t i o n a l  farm p l a n s  a re  those  combinat ions  o f  
d i f f e r e n t  e n t e r p r i s e s  which a re  f e a s i b l e ,  p r o f i t a b l e  and s a t i s f y  
a s p e c i f i e d  management, p r e f e r e n c e ,  and seco n d ly ,  from a s o c i o ­
economic view p o i n t ,  r a t i o n a l  p la n s  arc  farming systems which are 
more conducive to  development t a k i n g  i n t o  c o n s i d e r a t i o n  the  c r u c i a l  
i s s u e s  o f  farm s u r p l u s e s ,  market  o r i e n t a t i o n  and t e c h n o l o g i c a l  
change,  to  f a c i l i t a t e  s t r u c t u r a l  t r a n s f o r m a t i o n  of  the  economy. 
Optimal as well  as sub-op t im al  farm p la n s  arc  examined,  given a 
p a r t i c u l a r  l e v e l  o f  r e s o u rc e  supp ly  c o n s t r a i n t s  and a range o f  
a l t e r n a t i v e  crops  and l i v e s t o c k  e n t e r p r i s e s .
D i f f e r e n t  farm p la n n in g  t e c h n iq u e s  a re  a p p l i e d  to  two d i f f e r e n t  
r e p r e s e n t a t i v e  farm s i t u a t i o n s  i n  the  s tudy  a r e a .  The a n a l y s i s  aims 
to i d e n t i f y  the c o n s t r a i n t s  faced  by the  e x i s t i n g  farms and to 
i n v e s t i g a t e  p o s s i b l e  a l t e r n a t i v e s  f o r  improving p r e s e n t  farm 
c o n d i t i o n s .  By examining a w ider  range  o f  re s o u rce  s u p p l i e s  than  
c u r r e n t l y  were a v a i l a b l e  a t  the  t i me o f  the  RAl’RAP s tudy  (1973-7d) ,  
and a l t e r n a t i v e  crop and l i v e s t o c k  e n t e r p r i s e s ,  the  a n a l y s i s  i s  
expec ted  to  throw some l i g h t  on v a r io u s  v i a b l e  farm p la n s  which 
might  be u s e f u l  f o r  p la nn ing  a g r i c u l t u r a l  development i n  the  h i l l  
a rea  under  c o n d i t i o n s  o f  g r e a t e r  c a p i t a l  a v a i l a b i l i t y .
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In a d d i t i o n ,  an a t tem p t  i s  a l s o  made to c o n s id e r  r i s k  
management problems i n  h i l l  a rea s  w i th  a view to minimiz ing v a r i a t i o n s  
in  expec ted  farm income. B r i e f l y ,  o b j e c t i v e s  o f  t h i s  s tudy  can 
be s t a t e d  as f o l lo w s :
° to s tudy  the  optimal r e s o u rc e  a l l o c a t i o n  p a t t e r n ;
° to s tudy  the sub -op t im a l  farm p la ns  as a means o f  
p ro v id i n g  g u i d e l i n e s  to  farmers  under r i s k  and 
u n c e r t a i n  s i t u a t i o n s ;
° to  compare l i n e a r  programming and s im u l a t i o n  as 
means o f  h i g h l i g h t i n g  the  problems o f  choice  and 
r i s k  and u n c e r t a i n t y  invo lved  in  farm d e c i s i o n  
making.
1.2 Organization of the Study
In the  c h a p te r s  t h a t  fol low an e x p l a n a t i o n  o f  a g r i c u l t u r a l  
s i t u a t i o n  in  the  s tudy  a r e a ,  m e thodo log ica l  approach ,  and r e s u l t s  
o f  the  s tudy  a re  p r e s e n t e d .  Chapter  2 p r e s e n t i n g  a p i c t u r e  o f  the  
problem s i t u a t i o n  throws l i g h t  on the  background o f  the  s tudy  
a r e a .  A d e s c r i p t i o n  o f  a n a l y t i c a l  t e c h n iq u e s  employed in  t h i s  
s tudy  - L inea r  Programming and Monte Carlo S im u la t ion  arc d e a l t  w i th  
i n  c h a p t e r  3. In c h a p t e r  4 the b a s i c  i n p u t - o u t p u t  m a t r i c e s  based  
on th e  d i s c u s s i o n s  o f  the  p rev ious  two c h a p t e r s  a re  p r e s e n t e d .
Linear  Programming and P a ra m e t r i c  Programming a p p l i e d  to  the farm 
s i t u a t i o n s  under  s tudy  to  a l l o c a t e  r e s o u r c e s  and to  examine i t s  
impact  on farm income, e t c ,  are d i s c u s s e d  in  c h a p te r  5.
P r e s e n t i n g  the  r e s u l t s  o f  Monte Car lo  S im u la t ion  Programming a 
comparison i s  made in  c h a p t e r  6 among Monte Carlo s o l u t i o n s  and 
Linear  Programming c o l u t i o n s  to e v a l u a t e  t h e i r  f e a s i b i l i t y ,  r a t i o n a l i t y ,  
and a p p l i c a b i l i t y .  Hie l a s t  c h a p t e r  i s  devo ted  to  a summary o f  the 
f i n d i n g s  and to  the  recommendations to  make farm p la n n in g  more 
e f f e c t i v e .
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• CHAPTER 2
PROBLEM S E T T I N G  AND BACKGROUND OF THE STUDY AREA 
2 . 1  P r o b l e m  S e t t i n g
In terms o f  a r e a , U t t a r  Pradesh (U.P.)  i s  the fo u r th  l a r g e s t  
S t a t e  i n  In d ia  while  in  terms o f  p o p u la t i o n  i t  ranks f i r s t  
(Appendix I I ) .  With such a l a r g e  segment o f  the  p o p u la t io n  o f  
Ind ia  l i v i n g  w i th i n  i t s  b o u n d a r i e s ,  economic development o f  U.P. 
assumes s p e c i a l  s i g n i f i c a n c e .  I t  i s  one o f  the  l e s s  developed 
S t a t e s  i n  I n d i a ,  t h e r e  i s  much d i s p a r i t y  i n  the l e v e l s  o f  economic 
development o f  d i f f e r e n t  r e g io n s  w i t h i n  the  S t a t e .  ' I h c r c fo re ,  
i t  has become a v i t a l  i s s u e  to  reduce  the d i s p a r i t i e s  in  s o c i a l  
s e r v i c e s  and economic i n f r a s t r u c t u r e  between backward and advanced 
r e g io n s  . ^
For th e  purpose o f  p la n n in g  and development,  t h i s  S t a t e  may be 
d iv i d e d  i n t o  f iv e  r e g io n s  (1) L a s t e r n ,  (2) H i l l ,  (3) Bundelkhand,
(4) C e n t r a l ,  and (5) Western (Appendix IV).  The economic,  s o c i a l  
and demographic c h a r a c t e r i s t i c s  show a wide range o f  v a r i a t i o n  
between the  r e g io n s .  C e r t a i n  major economic and demographic 
c h a r a c t e r i s t i c s  o f  th e  f i v e  reg io n s  are  shown in  Appendix V.
The h i l l  r e g i o n ,  one o f  the  t h r e e  recogn ized  backward r e g io n s ,
2i s  our  concern  in t h i s  s t u d y .  With a p e r c a p i t a  income o f  R s . 286 
i n  1961, the  h i l l  r eg ion  s t a n d s  l a s t  bu t  one.  i b i s  r e g io n  i s  a 
h i l l y  a rea  in  the  sou th  Himalayas com pri s ing  ’ Kumaon’ and 'Charwal '  
d i v i s i o n s  and Dehradun d i s t r i c t .
The lo c a l  economy o f  the  h i l l  r eg io n  i s  q u i t e  d i f f e r e n t  from 
t h a t  o f  o t h e r  r e g i o n s .  A v a r i e t y  o f  r easons  are r e s p o n s i b l e  fo r  
th e s e  d i f f e r e n c e s  b u t  the  most im p o r ta n t  are the  p h y s i c a l  f e a t u r e s ,
These r e g io n s  are i d e n t i f i e d  on the  b a s i s  o f  s e l e c t e d  i n d i c a t o r s  
o f  Growth and Development (see Appendix I I I ) .
N.C.A.E.R. (1965): Techno-economic Survey o f  U ttar Pradesh.
N.C.A.E.R. New D e lh i ,  I n d i a ,  p .  12.
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and geog raph ica l  p e c u l i a r i t y .  Although the  a r e a  i s  s p a r s e l y  
p o p u la t e d ,  the p o p u la t i o n  p r e s s u r e  on a g r i c u l t u r a l  land i s  very 
high because  o f  l i m i t e d  c u l t i v a b l e  a r e a  and lack  o f  e f f i c i e n t  
t r a n s p o r t  system and t h i s  has r e s u l t e d  in  very  small  land h o ld in g s .
In 1971, about  63 per  cen t  o f  the households  possessed  land 
h o ld in g s  l e s s  than 2.5 ac res  ( 1 .0  h a ) .  The ne t  area  sown pc: r 
c a p i t a  r u r a l  p o p u la t io n  (1969-70) was only about  0 .67  a c re s  ( .27  h a ) .
I t  had the  lowes t  pe rce n tage  o f  a r e a  sown more than  once to  n e t  a r e a  
sown ( i  .e . 19.8%) fo r  the  e n t i r e  h i l l  r e g io n  (with an exce p t io n  o f  
lUindelkhand reg io n ,  i . e .  9 . 5 ) .  Of a l l  the e i g h t  h i l l  d i s t r i c t s  
wi t h i n  the  r e g io n ,  the ne t  a re a  sown p e r  c a p i t a  o f  r u r a l  p o p u la t io n  
was lowes t  a t  0.54 a c r e s  ( .14 ha)  f o r  two d i s t r i c t s  namely Tchri  
Garhwal and U t t a r  K a s h i .
Other  s t r i k i n g  economic c h a r a c t e r i s t i c s  arc the  h i g h e s t  
p e r c e n ta g e  o f  a g r i c u l t u r a l  workers  (as p e r c e n ta g e  o f  t o t a l  workers)  
and a low pe rce n tage  o f  gross  i r r i g a t e d  a r e a .  'Ihe le ve l  of  i n d u s t ­
r i a l  development as measured in  terms o f  the  number o f  f a c t o r y  
workers per  lakh (100,000) o f  p o p u l a t i o n  i s  a l s o  the lowest  in  h i l l  
r e g i o n s .  Moreover, the  a r e a  i s  a l s o  poor in  minera l  d e p o s i t s .
Roads form an im p o r ta n t  i n f r a s t r u c t u r e  fo r  a c c e l e r a t i n g  the 
development o f  an a r e a .  ' ihe road le n g th s  in r e l a t i o n  to  the  area  
o f  the  reg io n  show t h a t  the  h i l l  r e g io n  i s  very d e f i c i e n t .  ihe  poor 
communications ( p a r t i c u l a r l y  due to mountainous t e r r a i n s )  are 
n o t i c e a b l e  i n  the  h i l l  r e g io n .  The fo u r  r a i l  heads ,  Dchradun, 
R i s h i k c s h , Katodwar and Kath Godam arc  l o c a t e d  f a r  away from most 
o f  the  h i l l  a r e a s ;  t h i s  makes the  e n t i r e  h i l l  r eg ion  p h y s i c a l l y  
i s o l a t e d  from the  r e s t  o f  the  S t a t e .  Excep t ing  Dehradun and 
N a i n i t a l  p l a i n s ,  the  reg ion  i s  t h e r e f o r e ,  an econom ica l ly  backward 
and de p re s s e d  t r a c t .
N e v e r th e l e s s ,  w hile  the  r e g io n  i s  backward in  the  above r e s p e c t s ,
3
i t  does have the  h i g h e s t  p e r c e n ta g e  o f  l i t e r a c y  and m e ta l l e d  road  
in  the  S t a t e .  Thus r e g i o n a l  development i s  q u i t e  unba lanced  i n  the 
h i l l  r e g i o n .
3 Which leads  to  l a rg e  s c a l e  m i g ra t i o n  ou t  o f  the  h i l l  r e g io n .
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In the fo rego ing  d i s c u s s i o n  the d i s p a r i t i e s  in  s i z e  o f  h o ld i n g s ,  
c l a s s i f i c a t i o n  o f  w orkers ,  l e v e l  o f  i r r i g a t i o n ,  le ve l  o f  i n d u s t r i a l ­
i z a t i o n ,  l i t e r a c y ,  w e l f a r e  f a c i l i t i e s  l i k e  ro a d s ,  e t c ,  are cons ide re d  
t o g e t h e r  to  i d e n t i f y  the  l e v e l  o f  development/backwardness in  the 
h i 1 1 reg.i on .
In r e l a t i o n  to  t h i s  s tudy  c e r t a i n  s p e c i f i c  problems need s p e c i a l  
mention.  The economic s t r u c t u r e  o f  the  h i l l  r e g io n s  is  very h e a v i ly  
based  on a g r i c u l t u r a l  p r o d u c t io n  in  which l i v e s t o c k  and h o r t i c u l t u r a l  
e n t e r p r i s e s  p la y  a s u b s t a n t i a l  r o l e .  As c e r t a i n  e s s e n t i a l  r e s o u rc e s  
such as f e r t i l e  l a n d ,  i r r i g a t i o n  w a te r ,  and c a p i t a l  e t c . ,  for economic 
development o f  the  reg ion  are ex c e e d in g ly  s c a r c e ,  p ro d u c t io n  is  low 
and the  a rea  has been unab le to  feed  i t s  own p o p u la t io n  th roughou t  
the y e a r .  As a d e f i c i t  a r e a  i t  has  been dependent  on food s u p p l i e s  
from o u t s id e  a n d /o r  cash income from o f f - f a r m  employment on the 
p l a i n s .
Given i t s  s p e c i a l  p h y s i c o - g e o g r a p h ic a l  f e a t u r e s  i t  i s  d i f f i c u l t  
to improve c o n d i t i o n s  u s ing  the  same techno logy  and methods.
High Y ie ld in g  V a r ie ty  (IIYV) seeds  f o r  example,  r e q u i r e  h igh  doses 
o f  f e r t i l i z e r  and f r e q u e n t  i r r i g a t i o n .  Also improved farm machinery 
and equipment such as s p r a y e r s ,  d u s t e r s ,  e t c ,  are n e c e s s a ry  f o r  
s u c c e s s f u l  i n t r o d u c t i o n .  i h e r e f o r c ,  even a f t e r  a decade s in c e  
the  so c a l l e d  " G re en -R evo lu t ion"  in the  co u n t ry ,  t r a d i t i o n a l  and 
backward te ch n iq u es  o f  c u l t i v a t i o n  can s t i l l  be seen in  the a r e a .
Some o f  the  im p o r tan t  f a c t o r s  i n h i b i t i n g  the  a g r i c u l t u r a l  development 
p rocess  in the  a r e a  a re  lack o f  improved c u l t u r a l  p r a c t i c e s  and i n p u t s ;  
lack o f  p roper  e x t e n s i o n  o f  the  known, p r o f i t a b l e ,  and a v a i l a b l e  
improved methods and i n p u t s ;  in a d e q u a te  i n f r a s t r u c t u r e  and marke t ing  
f a c i l i t i e s .  C o n s t r a i n t s  on a g r i c u l t u r a l  development may be o f  
human r e s o u r c e s  ( s k i l l e d ) ;  f a r m e r ’s i n c e n t i v e s ,  t h e i r  a t t i t u d e s ;  
s o c i a l  s t r u c t u r e ;  t r a i n i n g  and e d u c a t i o n a l  f a c i l i t i e s .
Since independence  t h i s  h i l l  r e g io n  was covered only  under  the  
gene ra l  Community Development (C.D.) scheme which d id  no t  prove i t s  
worth in  the  absence o f  s p e c i a l  p r o v i s i o n s  to  handle p e c u l i a r  
problems o f  h i l l  a r e a s .  B es id e s ,  t h e r e  were many shor tcomings  in  the  
C.D. programme i t s e l f  such as the  lack o f  s p e c i a l  a t t e n t i o n  fo r  
l a n d l e s s  and a g r i c u l t u r a l  l a b o u re r s  to  g e n e ra te  employment and
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r e h a b i l i t a t i o n .  S i m i l a r l y ,  no new employment o p p o r t u n i t i e s  
were c r e a t e d  i n  o f f - f a r m  s e c t o r  o f  r u r a l  a rea s  to p rov ide  
employment f o r  youth and women though, t h e r e  was a p r o v i s i o n  f o r  
t h i s  in  the  scheme. T h e re fo re ,  in  a way, the  h i l l  r e g io n  was 
ignored  by p o l i t i c i a n s  and p l a n n e r s  even a f t e r  two decades o f  
p l a n n in g .  I t  has only been in the l a s t  3-6 yea rs  t h a t  Cen t ra l  
and S t a t e  governments have shown some i n t e r e s t  in deve lop ing  
the  h i l l  a r e a s ,  by e x p l o r i n g  the  n a t u r a l  and human r e s o u rc e s  
a v a i l a b l e ,  by t a k i n g  up s t u d i e s  c o v e r in g  va ry ing  a s p e c t s  o f  the  
h i l l  economy and by t a c k l i n g  the major problems o f  g a t h e r in g  
adequa te ,  r e l i a b l e  and f a c t u a l  d a t a  and in fo rm a t io n  on d i f f e r e n t  
a s p e c t s  o f  th e  economy.
In the  e a r l y  7 0 ' s ,  a need was f e l t  by the  S t a t e  Government 
f o r  a mul t i - d i  sc 1 :i p i nary  approach to  i d e n t i f y  and remove the 
c o n s t r a i n t s  to the  growth p r o c e s s .  As a r e s u l t  a Rural Area 
P lann ing  Research and Action P r o j e c t  (RAPRAP) was launched in 
Alrnorn d i s t r i c t  in  September 1973 by the  Department o f  A g r i c u l t u r a l  
Economies Ij Coopera t ion  - G.B. P l a n t  U n i v e r s i t y  o f  A gr ic .  $ Tech.  
P an tna ga r .  This p r o j e c t  was concerned  wi th  r u r a l  development 
which in c lu d e d  a g r i c u l t u r a l  development and o t h e r  i s s u e s  o f  r u r a l  
concern .  The RAPRAP p r o j e c t  c o n c e n t r a t e d  on deve lop ing  a 
framework f o r  a n a l y s i s ,  b rough t  ou t  the  n a t u r e  o f  under development 
and i n d i c a t e d ,  as f a r  as p o s s i b l e ,  the  d i r e c t i o n  o f  p lanned  
e f f o r t s  which w i l l  be needed.  Some o f  tiie f i n d i n g s  o f  t h i s  
p r o j e c t  show a need for  f u r t h e r  r e s e a r c h  f o r  more i n t e n s i v e  a n a l y s i s  
to improve the  q u a l i t y  o f  e s t i m a t e s .
Some o f  the  i n t e r e s t i n g  f in d i n g s  o f  RAPRAP a re  b r i e f l y
p r e s e n t e d  below. This p ro v id e s  a s t a r t i n g  p o i n t  f o r  the  p r e s e n t
, 4s tudy .
l i ie re  i s  a g r e a t  degree  o f  i n e q u a l i t y  i n  the  d i s t r i b u t i o n  
and s i z e  o f  land h o l d i n g s .  Average s i z e  o f  land h o ld in g s  in  the 
s tudy  a r e a  ( i . e .  i n  Bhik iasen  Block) i s  about .47 ha .  A l a rg e  
number o f  small  h ig h l y  fragmented and s c a t t e r e d  land h o ld i n g s ,
Dept,  o f  Ag. Economics (1976):  Rural Area developm ent.
G.B. Pant U n iv e r s i t y  o f  A g r i c u l t u r e  and Technology,  P an tn a g a r ,  
N a i n i t a l ,  U .P . ,  I n d ia .
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be ing  i n a c c e s s i b l e  to i r r i g a t i o n  w a te r ,  d i scou rage d  the farmers  
from s h i f t i n g  to  11Y V seed and recommended dosages  o f  a s s o c i a t e d  
i n p u t s  from l o c a l  v a r i e t i e s  w i th  a low y i e l d  p o t e n t i a l  and n i l  
to n e g l i g i b l e  amount o f  f e r t i l i z e r s  e t c . ,  because  t h e s e  f a c t o r s  
t o g e t h e r  wi th c a p i t a l  s h o r t a g e  a d v e r s e ly  a f f e c t  the e f f i c i e n c y  
o f  la b o u r  (bu l lock  and human) and consequen t ly  r e s u l t  in poor 
y i e l d s .
Tt was e s t i m a t e d  t h a t  average  annual family  income in  the  
a r e a  was Rs. 2,792 o f  which about  65 pe r  c e n t  comprised farm- 
income (mos tly  va lue  o f  c rop  and l i v e s t o c k  produce) and 35 per­
cen t  was d e r iv e d  from o f f - f a r m  s ou rces  (Appendix V I ) . About 
64 pe r  cen t  o f  the  households  had one o r  more members o f  the 
family  employed in  o f f - f a r m  occupa t ion '  mostly  o u t s id e  the  v i l l a g e .  
The cash income thus  ea rned  from the o f f - f a r m  sou rces  p layed  a 
v i t a l  r o l e  in  the economic v i a b i l i t y  o f  the  t y p i c a l  household  
in the a r e a .  'Ihe d i s t r i b u t i o n  o f  family income was a l s o  
c h a r a c t e r i z e d  by a h igh  degree o f  i n e q u a l i t y .  ihe  sha re  o f  the 
p o o r e s t  20 p e r  cen t  o f  the  households  i n  the agg reg a te  annual 
fami ly  income was only 5.74 p e r  cen t  w i th  an average annual  
family  income o f  Rs. 1,602 whi l e  the  r i c h e s t  ( top)  20 per  cen t  
ea rned  45.85 per  cen t  wi t h an average income o f  R s . 6,409 
(Appendix VI I ) .  Of the  components o f  t h e  fami ly  income, o f f -  
farm income was more i n e q u i t a b l y  d i s t r i b u t e d  than  farm income 
(Appendix V I I I ) .
flic f a c t  t h a t  farm income i s  l e s s  i n e q u i t a b l y  d i s t r i b u t e d  
shows t h a t  s t a t e  o f  a g r i c u l t u r e  i s  more o r  l e s s  uniform in the 
s tudy  a rea  i r r e s p e c t i v e  o f  the  s i z e  o f  land h o ld i n g ,  i . e .  
s u g g e s t i n g  c o n s t a n t  r e t u r n s  to  s c a l e  in  a g r i c u l t u r e .  Another 
im p o r ta n t  f e a t u r e  which emerged from the  s tudy  c a r r i e d  ou t  by 
the  Department o f  A g r i c u l t u r a l  Economics,  was t h a t  lo c a l  l e a d e r s ,  
mos tly  Sabhapat is '^ ,  members o f  h i g h e r  c a s t e s  are very i n f l u e n t i a l  
i n  t h e i r  r e s p e c t i v e  a rea s  though they  a re  econom ica l ly  not
5 S abhapa t i  i s  e l e c t e d  by the  v i l l a g e r s  and p r e s i d e s  over  
the  v i l l a g e  Panchayat p ro c e e d in g s .
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d i f f e r e n t  from o t h e r  fa rmers .  This  f a c t  may lead to  the  
co n c lu s io n  t h a t  any e f f o r t  made through the se  lo c a l  l e a d e r s ,  
the  S a b h a p a t i e s ,  to  ach ieve  economic development may succeed .
Recogniz ing the e x t e n t  o f  p o v e r ty  and backwardness in 
the  a r e a  which i s  r e f l e c t e d  through low l e v e l s  o f  income 
due to poor crop and l i v e s t o c k  y i e l d s  (Appendix V I I I ) ,  and 
i n f e r i o r  q u a l i t y  crops  grown in  the  a r e a ,  t h e r e  e x i s t s  a need 
f o r  p la n n in g  the development o f  th e  a g r i c u l t u r e  s e c t o r  through  the 
r e o r g a n i z a t i o n  o f  e x i s t i n g  r e s o u r c e s  and the  i n t r o d u c t i o n  o f  
some new and improved crops  and l i v e s t o c k  e n t e r p r i s c s .
Pant and J a i n  (1969) ,  Hagan (1971) ,  Upton (1973) ,  and Dhondyal 
(1975) emphasized t h a t  a g r i c u l t u r a l  development w i l l  only come 
about  th rough  p la n n in g  changes i n  p a t t e r n s  and methods o f  
p ro d u c t io n  a t  the  micro l e v e l ,  i . c .  a t  t h e  i n d i v i d u a l  farm u n i t s  
making up the whole a g r i c u l t u r a l  s e c t o r .  This  p ro ces s  o f  
' Farm P la n n i n g '  i s  not  something new to fa rmers .  All  farmers 
conduct  t h e i r  o p e r a t i o n s  with some k ind  o f  p l a n .  G e n e ra l ly ,  
t h e i r  p lans  are t r a d i t i o n a l ,  handed down from g e n e r a t i o n  to  
g e n e r a t i o n  and t h e r e f o r e  f a i l  t o  c o n s id e r  the n e c e s s a r y  changes 
t h a t  are r e q u i r e d  f o r  the  r a p id  economic development .  The term 
' f a rm  P lan n in g '  as used in t h i s  s tudy  r e f e r s  to a pu rpose fu l  
e f f o r t  to  q u e s t i o n  and e v a l u a t e  what i s  now b e in g  done to 
e x p lo re  a l t e r n a t i v e s  and,  i f  p o s s i b l e ,  to f in d  a more promis ing  
way o f  u s in g  and combining r e s o u r c e s  to  ach ieve  farm family  goals  
such as h ig h e r  a g r i c u l t u r a l  p r o d u c t i o n ,  h ig h e r  income e t c .
i h c r c  are s o p h i s t i c a t e d  t e c h n iq u e s  in  use fo r  farm p la nn ing  
such as L inear  Programming, Dynamic Programming, Q uad ra t i c  
Programming and S im u la t io n  b e s i d e s  l e s s  formal methods such as 
Budget ing,  Marginal  A n a ly s i s ,  e t c .  Depending upon the  
c o n d i t i o n s  and needs th e s e  farm p l a n n in g  t e ch n iq u es  can be 
a p p l i e d  in  two ways, namely,  an i n d i v i d u a l  approach and a group 
approach .^  The i n d i v i d u a l  approach r e f e r s  to  the p rocedure  o f
6 Upton, M. (1973) :  Farm Management in  A fr ic a .  Oxford U n i v e r s i t y
P r e s s ,  London, pp. 268-270.
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p r e p a r i n g  farm p l a n ( s )  fo r  only  one farm u n i t  t a k in g  i n t o  
c o n s i d e r a t i o n  i t s  ( f a r m ' s )  r e s o u rc e  a v a i l a b i l i t y ,  f a rm e r ' s  
c a p a b i l i t y ,  e t c .  I t  i s  no t  f e a s i b l e  to use s o p h i s t i c a t e d  
t e ch n iq u es  on a smal l  farm, which i s  a t y p i c a l  f e a t u r e  in  any 
o f  the deve lop ing  coun t ry  as wel l  as o f  the s tudy  a rea .
I t  needs e x t e n s i v e  d a ta  which may not  be p o s s i b l e  to  o b t a i n ,  
as small  farmers  u s u a l l y  do no t  keep farm accoun ts  and r e c o r d s .  
T h e re fo re ,  t h i s  approach should  be used ,  p a r t i c u l a r l y  in  
deve lop ing  c o u n t r i e s ,  on ly  f o r  l a rg e  s c a l e  u n i t s  such as 
p l a n t a t i o n s  e t c .  The group approach i s  a commonly used 
tech n iq u e  f o r  farm p la n n in g  in deve lop ing  c o u n t r i e s .  i b i s  
approach means p r e p a r a t i o n  o f  farm p l a n ( s )  f o r  a t y p i c a l  o r  
average  farm s i t u a t i o n ,  r e p r e s e n t a t i v e  o f  a c e r t a i n  type o f  
farm in  the  a r e a .  f o r  p la n n in g  purposes  the  average  farm need 
not  e x i s t  in r e a l i t y .  Those farm p la n s  arc  then  c o n s id e re d  as 
the g en e ra l  b a s i s  f o r  a d v i s i n g  a l l  farmers  in the  p a r t i c u l a r  
a r e a ,  some t imes a l low ing  f o r  minor m o d i f i c a t i o n s  to  take  i n t o  
account  i n d i v i d u a l  v a r i a t i o n s  in  l a n d - l a b o u r  r a t i o s ,  c a p i t a l  
a v a i l a b i l i t y ,  pe r s o n a l  p r e f e r e n c e s  and so on.
In t h i s  s tudy  an a t tem p t  i s  made to p r ep a re  r a t i o n a l  
' fa rm P la n s '  for  the  s tudy  a r e a  th rough the group approach u s ing  
two S y n t h e t i c  farm s i t u a t i o n s  with d i f f e r e n t  a l t e r n a t i v e  o p t i o n s ,  
t a k in g  i n t o  account  s u b j e c t i v e  c o n s t r a i n t s  such as p r e f e r e n c e  
f o r  p a r t i c u l a r  crops  and l i v e s t o c k ,  a c e r t a i n  l e v e l  o f  farm 
income and,  s ay ,  a l e v e l  o f  fami ly  la b o u r  u s e .
2.2 Background of the Area
This s tudy  i s  conce rned  with  a Development b lock o f  Almora 
d i s t r i c t  o f  U t t a r  Pradesh ( f i g .  2 . 1 ) .  Almora i s  a c o n s t i t u e n t  
d i s t r i c t  o f  the h i l l  r e g io n  o f  U.P. commonly known as ' Kumaon' .  
I t  l i e s  e n t i r e l y  w i th in  the  Himalayan mountain system. To the  
n o r th  o f  i t  i s  the  newly c r e a t e d  d i s t r i c t  o f  P i t h o r a g a r h ;  on 
the  e a s t  i t  forms the i n t e r n a t i o n a l  b o r d e r  w i th  Nepal; on the 
sou th  i t  i s  bounded by N a i n i t a l  d i s t r i c t  and on the  west  by 
d i s t r i c t s  o f  Garhwal and Chamoli . Almora d i s t r i c t  c o n s i s t s  o f  
a s u c c e s s io n  o f  r i d g e s  p r o j e c t i n g  from the main snowy range i n  a 
g e n e r a l l y  s o u t h e r l y  d i r e c t i o n .
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Almora l i e s  in the n o r t h - e a s t  c o rn e r  o f  the n o r th e r n  
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a d m i n i s t r a t i v e  zone.  I t  comprises t h r e e  T a h s i l s  v i z .  Almora, 
Ranikhet  and Champawat. Only Almora and Ranikhet  t a h s i l s  have 
some urban a r e a s .
Being e n t i r e l y  a h i l l y  d i s t r i c t ,  the l i v i ng  c o n d i t i o n s ,  
mode o f  a g r i c u l t u r e ,  s o i l  and topography ,  matcri al s cl i f f e r  from 
th o s e  o b t a i n i n g  in p l a i n  d i s t r i c t s .  P r a c t i c a l l y  the whole economy 
o f  the  d i s t r i c t  r e v o lv e s  around a g r i c u l t u r e  which p ro v id e s  f u l l ­
t ime as w el l  as p a r t - t i m e  employment to  89.4 pe r  ce n t  o f  t h e  
r u r a l  working p o p u l a t i o n .  C u l t i v a t e d  a r e a s  makes up 12.84 
p e r  ce n t  o f  geograph ica l  area  o f  the  d i s t r i c t ,  w hile  about  27.46 
p e r  c en t  o f  the t o t a l  land i s  u n s u i t a b l e  f o r  c u l t i v a t i o n .  Pood 
crops  occupy 94 p e r  c e n t  o f  the  t o t a l  gross  a r e a  sown.
2.2.1 Natural Resources
'Ihe n a t u r a l  r e sou rce  base o f  the s tudy  a r e a ,  Bhik isen  Block,  
i s  very  poor  in  terms o f  both q u a n t i t y  as w el l  as q u a l i t y .
There a rc  no v a l u a b le  m inera l  d e p o s i t s  in  the a r e a .  From time 
immemorial the s o l e  p r o p e r ty  r i g h t s  in a l l  f o r e s t s  in  the  h i l l  
r eg io n  have been v e s t e d  i n  the s o v e r e ig n .  Owing to the 
c o n f i g u r a t i o n  o f  th e  count ry  and the  absence o f  communications 
the  f o r e s t s  along  the  foo t  o f  the h i l l s  a lone arc po s se s s e d  
o f  any f i s c a l  v a l u e .  But the  v a l u a b le  f o r e s t s  ( r e s e rv e d )  a rc  a l l  
owned and managed by the  S t a t e  Department o f  F o r e s t r y .  B e n e f i t s  
from those  r e s e r v e d  f o r e s t s  to the  lo c a l  people  a rc  n e g l i g i b l e .
The c h i e f  t r e e s  o f  t h e s e  f o r e s t s  are S a l ,  Oak, Chir ,  Deodar, Ringal 
and Bamboo. The on ly  n a t u r a l  r e s o u r c e s  o f  any worth to the 
r e s i d e n t s  o f  the  a re a  are c l i m a t e ,  land and w a te r .
2.2.1.1 Climate
Bhik iasen  Block b ro a d ly  r e p r e s e n t s  the  a g r o c l i m a t i c  
c o n d i t i o n s  o b t a i n i n g  i n  the  Ramganga w a te r  shed and e lsewhere  
in  the  Kumaon h i l l s .  Within  the  b lo c k ,  e l e v a t i o n  range  from
7 There are fou r  a d m i n i s t r a t i v e  zones in  U.P. v i z .  N or thern ,  
F a s t c r n ,  Western,  and C e n t r a l .
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approx im ate ly  2,000m on the  f o r e s t e d  upper r ims to  about  6(X)in a t  
the  a l l u v i a l  p l a i n s  a t  the  conf luence  o f  the  Ramganga and Naurar  
r i v e r s  a t  B h ik iasen .  The c l im a te  v a r i e s  acc o rd ing  to  the  
e l e v a t i o n  from the  s u f f o c a t i n g  and deadly  s u l t r i n e s s  o f  th e  low 
ly in g  a r e a s  to the high a l t i t u d e  a rea s  s u b j e c t  to extreme cold 
and l i g h t  snow f a l l s .
Average annual  r a i n f a l l  in the  a re a  is  about  880mm. Prom 70 
to  80 p e r  cen t  o f  t h e  t o t a l  annual  p r c c i p i t a t i o n  i s  r e c e iv e d  dur ing  
the  moonsoon p e r io d  June th rough September.  Winte r  r a i n s  (from 
October  to February) a rc  s c a n ty  acc o u n t in g  f o r  only 10 pe r  cen t  
o f  annual  p r e c i p i t a t i o n .  P o r t i o n s  o f  the  block  s i t u a t e d  a t  the 
e l e v a t i o n s  o f  more th an  1400m with n o r th  fa c in g  s lo p e s  r e c e iv e  
l i g h t  s n o w fa l l  o f  25mm t o  100mm, u s u a l l y  in  the  l a s t  week o f  J anuary  
O ccas iona l  h a i l  and wind storms are  a l s o  en co u n te red  i n  the  a r e a .
'[he te m pera tu re  i s  lowest  in  January  be ing  2.08°C and h i g h e s t  in  
A p r i l  be ing  90.25°C. Hxccpt fo r  ex t rem ely  co ld  w ea the r  in the 
months o f  December and J an u a ry ,  tlie w ea the r  th roughou t  the  y ea r  
i s  very p l e a s a n t .
2 . 2 . 1 . 2  So i l  and wat e r
The t e r r a i n  o f  th e  block is  formed o f  l imes tone  and s l a t e .
The c u l t i v a t e d  and exposed s o i l s  in the  a r e a  appear  to  be 
e s s e n t i a l l y  ' p a r e n t  m a t e r i a l '. the top  s o i l  (A f* B h o r iz o n s )  
hav ing  been removed long ago by w a te r  e r o s i o n .  This  top s o i l  
l a y e r  i s  very t h i n  on most h i l l  s i d e s  wi th a low c a p a c i t y  t o  ho ld  
w a te r  and n u t r i e n t .  The n o r th e r n  s lo p e s  o f  th e  h i l l s  arc 
u s u a l l y  l e s s  ab rup t  and le s s  denuded by the impact  o f  r a i n  than 
the s o u th e rn  s lo p e s .  F ie ld s  wi th a n o r t h e r n  a s p e c t ,  t h e r e f o r e ,  
c o n ta in  t h i c k e r  and r i c h e r  s o i l s .  A g r i c u l t u r a l  land can be 
c l a s s i f i e d  as 'Upraon '  (up land ,  t e r r a c e d ,  and r a i n f e d )  and 'T a l a o n '  
( v a l l e y ,  a l l u v i a l ,  and i r r i g a t e d )  w i th  about  90 p e r  cen t  f a l l i n g  
in  the  former c l a s s .  'T a l a o n '  can be f u r t h e r  c l a s s i f i e d  as ' S e r a '  
l and ,  which occu r  g e n e r a l l y  low down n e a r  the  i r r i g a t i n g  s t r eam ,  
and 'P a n c h a r '  l a n d s ,  which a re  s i t u a t e d  in  the  uplands  and are 
f r e q u e n t l y  no t  w el l  l e v e l l e d .
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C u l t i v a t i o n  i s  p r a c t i s e d  on s lo p e s  even up to  30° (60 per  
cen t )  . The f i e l d s  arc n o t  p r o p e r l y  t e r r a c e d .  The t e r r a c e s ,  
in  g e n e r a l ,  a re  outward s l o p i n g  w i th o u t  the p r o v i s io n  o f  
s h o u ld e r  bunds a t  the o u t e r  edge,  r e f l e c t i n g  the  lack  o f  
p ro p e r  c o n s e rv a t io n  p r a c t i c e s .  Te r races  have been improved by 
the  owners only in a rea s  with  i r r i g a t i o n  f a c i l i t i e s .
Water  i s  s ca rce  and is  sometimes not  a v a i l a b l e  even for 
household  consumpt ion .  'Ihc main sources  o f  w a te r  arc two 
Gadhcras ( R i v u l e t s ) ,  namely,  Naurar  and Gagas, and one r i v e r ,  
Ramganga. B es ides ,  t h e r e  a re  numerous sea s o n a l  s treams in  the  
a r e a .  Due to u n d u la t i n g  topography and high l i f t s  very l i t t l e  
use is  made o f  the r i v e r  w a te r  fo r  i r r i g a t i o n  purposes .
Only about  169 l i ce t .  (2.24%) land  i s  i r r i g a t e d  out  o f  the  t o t a l  
n e t  sown a r e a  o f  7,528 l i ce t .  (1971-72) in  the  b lo c k .
U t i l i z a t i o n  o f  ground w a te r  i s  ou t  o f  the  q u e s t i o n  because 
o f  impervious  and rocky s t r a t a .  R es iden ts  o f  the  a r e a  have to 
depend e x c l u s i v e l y  on s u r f a c e  w a te r  sou rces  fo r  both domest ic  and 
i r r i g a t i o n  p u rp o s e s .
2.2.1.3 Land use pattern
'ihe land  a l l o c a t i o n  among v a r io u s  a l t e r n a t i v e s  i n d i c a t e s  
the community p r e f e r e n c e  o f  the  o u tp u t  f lowing from th e s e  uses .  
Table 2.1  p r e s e n t s  d a t a  on land u s e - p a t t e r n  in  the s tudy  a r e a ,  
Bhik iascn  Black.  The t o t a l  g eo g ra p h ic a l  a r e a  o f  the  block i s  
about  17,181 ha .  o f  which about  44 p e r  cen t  was under c u l t i v a t i o n ,  
'ihc n e x t  most im p o r ta n t  land use c a teg o ry  was t h a t  o f  b a r r e n  and 
u n c u l t i v a b l c  waste  which c o n s t i t u t e d  about  26 p e r  cen t  o f  the
8t o t a l  g e o g rap h ica l  a r e a .  This  i s  fo l lowed by c u l t i v a b l e  waste 
(22.43%), f o r e s t s  (4.58%) and fa l low  land (2.85%).  Though a r e a  
under  f r u i t  o rcha rds  c o n s t i t u t e d  on ly  .73 p e r  c e n t ,  t h e r e  e x i s t s  
s u b s t a n t i a l  p h y s i c a l  p o t e n t i a l  fo r  i n c r e a s i n g  a r e a  under  o rch a rd s  
mainly by c o n v e r t i n g  c u l t i v a b l e  was te  i n t o  o rc h a rd  land .
I t  r e f e r s  to  the  land which i s  s u i t a b l e  and a v a i l a b l e  f o r  
c u l t i v a t i o n  but  c u r r e n t l y  no t  be ing  c u l t i v a t e d  due to  some 
governmenta l ,  s o c i a l ,  economic,  t e c h n i c a l  and p h y s i c a l  
p r o b le m s .
TABLE 2.1
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LAND USE PATTERN IN BIIIKIASEN BLOCK, 1971-1972
Land Use Category A re a
( h e c t a r e s )
Pereen lage  o f  
t o t a l  geog rap h ica l  
a re a
Total Geographical  a r e a 17,181.00 100.00
F ores t s 788.00 4.58
Orcha rds 125 .91 0 .73
Net a r e a  sown 7,528 .82 4 3.82
Fallow land 491.00 2.85
Curren t  fa l low 91 .00 0 .53
Other  fa l low 400.00 2.32
C u l t i v a b l e  waste 3 ,849 .27 22.4 3
U n c u l t iv a b le  waste 4 ,398 .00 25 .59
S o u r c e  : Z i la  Pari  shad , S t a t i s t i c a l  Dept. , Almora.
2.2.2 Farming Systems
2.2.2.1 Land holdings
Tabic 2.2 g ives  in f o r m a t io n  on s i z e  d i s t r i b u t i o n  o f  land 
ho ld in g s  i n  th e  b lo c k .  Average s i z e  o f  land ho ld ings  in  th e  a r e a  
was found to  be 0 .47  ha .  F igures  show t h a t  about 88.68 p e r  cent  
o f  land ho ld in g s  were l e s s  tha n  one h e c t a r e  in s i z e  acc oun t ing  For 
only  56.76 p e r  cen t  o f  t o t a l  land w hi le  about  43.24 p e r  cen t  land 
i s  sha red  by only  11.32 p e r  cen t  f a m i l i e s  in the  a re a .  'ITiis 
i n d i c a t e s  a high degree o f  i n e q u a l i t y  in  d i s t r i b u t i o n  o f  land 
favo u r in g  r e l a t i v e l y  l a rg e  f a rm ers .
In the  s tudy  a r e a ,  t h e se  farms a rc  not  only  small  bu t  fragmented  
and s c a t t e r e d  a l s o .  On an average ,  each farm i s  u s u a l l y  s c a t t e r e d  
over  5-8 l o c a t i o n s  s u r round ing  th e  v i l l a g e  with  2-4 f i e l d s  pe r  
l o c a t i o n s ,  ’lhe average s i z e  o f  f i e l d  v a r i e s  from 8 arcs* to  20 a re s  
o f  land .  ' Ibis f r a g m e n ta t io n  and s c a t t e r e d n e s s ,  a r e s u l t  o f  
d i v i s i o n  and s u b - d i v i s i o n  o f  land with  d i f f e r e n c e s  in  q u a l i t y  over  
the  g e n e r a t i o n s ,  cause waste  o f  r e s o u r c e s  and make management and 
s u p e r v i s i o n  much more d i f f i c u l t .  C o n s o l id a t io n  o f  h o ld ings  could
100 a r e s  = 1 h e c t a r e
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-TABLE 2.2
SIZE DISTRIBUTION OF LAND HOLDINGS IN BHIKIASEN BLOCK, 1973-1974
(Sample House-holds)
Size Groups 
( h e c t a r e s )
Average 
s i z e  o f  
h o ld ing
(ha)
T o ta l
land
(ha)
P e rcen t  
o f  t o t a l  
1 and
No. o f  
f a m i l i e s
P ercen t  
o f  t o t a l  
number 
o f
f a m i l i e s
Group A - 
Below 0 .3 0.12 60 .80 13.07 500 50.10
Group B - 
0 .3  to 0 .6 0.40 104.71 22.52 255 25 .55
Group C - 
0.6 to  1 .0 .75 98.4 2 21.17 130 13.03
Group D - 
1 .0  and above 1.77 201.04 43.24 113 11.32
All  groups 0.46 464.97 100.00 998 100.00
S o u rc e : Dept,  o f  A gr ic .  Economics (1976): R ural Area D evelopm ent. 
G.B. Pant U n i v e r s i t y  o f  A g r i c u l t u r e  Technology,  
P an tn a g a r ,  N a i n i t a l ,  I n d ia ,  p .  16.
r e s u l t  i n  s u b s t a n t i a l  s av ing  i n  l a bou r  and power and a l so  could  
f a c i l i t a t e  the  i n t r o d u c t i o n  o f  o rc h a rd  c ro p s .  But t h i s  i s  no t  
p o s s i b l e  in  the  h i l l  r e g io n ,  i n  g e n e r a l ,  due to  complex p h y s i c a l  
b a r r i e r s . Ibe only  p o s s i b l e  way to  overcome th e  problems o f  
s c a t t e r e d n e s s  and f r ag m e n ta t io n  i s  t h e  o r g a n i z a t i o n  o f  c o o p e r a t i v e  
farms w i th o u t  d e p r iv i n g  the  c u l t i v a t o r s  o f  t h e i r  r i g h t s  to  the  
ownership o f  t h e i r  e x i s t i n g  h o ld i n g .
2 . 2 . 2 . 2  Cropping pattern and crop rotations
Hie rugged geog rap h ica l  f e a t u r e s  are r e f l e c t e d  i n  the  small  
s i z e  o f  h o l d i n g s .  Farmers, t h e r e f o r e , t r y  t o  c u l t i v a t e  food crops 
and p u l s e s  t h a t  are n e c e s s a ry  f o r  home consumpt ion,  a t y p i c a l  
c h a r a c t e r i s t i c  o f  s u b s i s t e n c e  farming.  As shown i n  Table 2 .3 ,  
Paddy and Mandua (a k ind  o f  m i l l e t )  are the  two major K h a r i f  crops  
acc o u n t in g  f o r  about  78.6 p e r  ce n t  o f  n e t  a r e a  sown in K h a r i f .
23.
■ TAB LI: 2.3
CROPPING PATTERN IN B1I1KIASEN BLOCK, 1971-1972
Crops Pei' cent of 
total Kharif 
1 and
Per cent of 
total Rabi 
land
Paddy - local (pure or mixed 
with Jhungra) 38.86
Mandua (pure or mixed with 
Bhaturd or garhat) 39.71
Chi llies 2.59 -
Other Kharif crop 1 8.84 -
Wheat - local (pure or mixed 




Rabi fallow - 56.27
Source: Dept, of Agric. Economics (1976): Rural Area development. 
, G.B. Pant University of Agriculture C, Technology, 
Pantnagar, Nainital, India, p. 17.
Paddy is usually bordered with Jhungra (another millet) while Mandua 
is inter-cropped with legumes - Bhat (black Soybean), Urd (black 
Cram), and Gauhat.Chillics arc the major Kharif cash crop in the 
area and accounted for about 2.6 per cent of net Kharif area sown. 
Some other crops are also grown in Kharif season to earn some cash 
as well as to fulfil the farmers' own consumption needs, c.g. Onions, 
Sweet Potato, and Arhar, subject to the availability of irrigation 
water.
In the Rabi season, Wheat is the only major food crop grown 
in the area. It is grown as pure crop or inter-cropped with Gram 
and/or Barley or Lentil or Lahi. Wheat cultivation accounted for 
about 43 per cent of net area sown in Rabi season. Potato is grown 
as the major cash crop in the Rabi season in small irrigated pockets 
in the area. An important customary feature in Rabi season is
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' f a l l o w i n g '  which accounts  fo r  about SO per  cen t  o f  the  ne t  a rea  
sown in  Rabi .  ill i s  fa l low  land i s  c u l t i v a t e d  in the  K h a r i f  season 
under Paddy. In f a c t ,  i t  i s  a l o c a l  b e l i e f  t h a t  Mandua (a K h a r i f  
m i l l e t )  i s  an e x t r a c t i v e  c rop ,  and s o i l  t h e r e f o r e ,  must be al lowed 
some rest, be fo re  i t  is  c u l t i v a t e d  ag a in .  Another important  
reason for  ' f a l low ing , '  is  tha t  Mandua is  u s u a l l y  h a rv e s t e d  in l a t e  
November, and by t h a t  time not  much m ois tu re  is  l e f t  t o  grow any 
im p o r tan t  Rabi c rop .
Mostly fa rmers  fol low a t w o - y c a r - c r o p - r o t a t i o n , namely,  
Paddy-Whcat-Mandua-fal low. But where i r r i g a t i o n  f a c i l i t i e s  a re  
a v a i l a b l e  farmers fo l low Mandua-fallow-Po ta to  -Wheat r o t a t i o n  a l s o .  
U sua l ly  farmers  p r e f e r  mixed c ropp ing  or  c o n c u r re n t  c u l t i v a t i o n  
o f  more than  one crop as a s a f e g u a rd  a g a i n s t  r i s k  and u n c e r t a i n t i e s  
due to  w ea the r  c o n d i t i o n s .
2.2.2.3 State of agr icul ture
The b a s e - l i n e  survey  conducted  by the  Department o f  A g r i c u l t u r a l  
Fconomics, G.B. Pant  U n i v e r s i t y ,  P an tna ga r ,  p o in t ed  out  t h a t  mostly 
farmers  use only  Farm Yard Manure (FYM) t o g e t h e r  with  home produced 
seeds  in  crop p r o d u c t io n  p r o c e s s .  Use o f  pu rchased  in p u t s  such as 
chemical  f e r t i l i z e r s ,  11YV seeds and o t h e r  chemica ls  was almost  
n e g l i g i b l e .  S i m i l a r l y ,  use o f  c r e d i t  in  a g r i c u l t u r e  was a l so  very  
l i m i t e d .  Not only  t h i s ,  farmers  (a lm os t  e x c l u s i v e l y  females)  s t i l l  
use l o c a l l y  made t r a d i t i o n a l  implements and t o o l s  and as a r e s u l t  
o f  t h i s  y i e l d  l e v e l s  arc very low in  the  a r e a .  Table 2.4 showing 
low l e v e l s  o f  improved seeds  and chemica l  f e r t i l i z e r s  used under 
e x i s t i n g  farming system i n d i c a t e s  t h e  f u r t h e r  scope fo r  t h e s e  i n p u t s  
in  o r d e r  to  i n c r e a s e  y i e l d  r a t e s .  One o f  the  major f a c t o r s  which 
has been d i s c o u r a g i n g  lo c a l  farmers to  use t h e s e  improved in p u t s  
i s  the  f e a r  o f  crop bu rn in g  i n  the  absence o f  p ro p e r  i r r i g a t i o n  
f a c i l i t i e s .
• TABLE 2 .4
FERTILIZER USE AND Y1 Li LD RATES OF MAJOR CROPS IN Bill KI AS Li N
BLOCK, 1973-1974
Crops P.xncndi t u r e  
on
f o r t  i 1 i z e r s  
( R s . / h a )
Y i e ld  
( Q t . / h a )




(Qt . / h a )
Paddy 6 . 0 0 10.87 9 8 .8 0
Mandua 3 .0 0 1 0 .37 9 8 .8 0
J h u n g r a - 6 .92 -
Bhat (Black Soybean) - 4 .92 -
Gauhat - 2 .47 -
11 rd (Black  Gram) - 3.95 -
Chi 1 l i e s 1 9 .0 0 3.95 148 .20
Wheat 30 .0 0 7.41 89 .42
B a r le y - 9 .5 3 -
L e n t i 1 - 4 .7 7 -
Lahi - 1 .8 0 -
P o t a t o e s - 65 .85 148 .20
S o u rc e :  Dept ,  o f  A g r i c . Economics ( 1 9 7 6 ) : R u ra l A rea  D eve lopm en t.
G.B. Pan t  U n i v e r s i t y  o f  A g r i c u l t u r e  h Techno lo gy ,  
P a n t n a g a r ,  N a i n i t a l ,  V . P . ,  I n d i a ,  p p . 18 $ 49.
2 . 2 . 2 . 4  Human labour  and bul lock power use
A m ajo r  s h a r e  o f  farm i n p u t s  i s  c o n t r i b u t e d  by h o u s e h o ld  
l a b o u r  and b u l l o c k  power u s i n g  l o c a l l y  made t r a d i t i o n a l  t o o l s .  
Table  2 .5  g i v e s  a v e ra g e  number o f  human l a b o u r  and b u l l o c k  p a i r  
days r e q u i r e d  p e r  h e c t a r e  o f  i m p o r t a n t  c rops  and p e r  m i lch  animal  
in  t h e  a r e a .  In peak p e r i o d s  o f  sowing  and h a r v e s t i n g ,  o u t s i d e  
l a b o u r  i s  h i r e d .  Mutual a i d  among n e i g h b o u r i n g  farms i s  v e r y
common.
TABU: 2 . 5
HUMAN AND BULLOCK LABOUR'USE NORMS FOR MAJOR CROP AND LIVESTOCK 
ACTIVITIES IN THE STUDY AREA
A c t i v i t y I Iuman 
1 a b o u r  
(man d a y s /  
h a )
Human L ab o u r  r e q u i r e d  
i n  peak  p e r i o d s  (man 
d a y s / h a )
Bui l o c k  
p a  i r
d a y s  p e r  
ha
A p r i 1-May S e p t . - O c t .
Daddy + J l u i n g r a 175 18 68 32
Mand u a + Bhat 150 4 3 96 21
C h i 11 i e s 300 78 86 21
P o t a t o e s 350 n i  1 142 5 3
Wheat 150 75 75 42
Mi I ch cow 
M i lch  b u f f a l o  ^
d a y s 56 - - -
p e r
y e a r 86 - - -
Source: D e p t . o f  A g r i c .  Economi c s  ( 1 9 7 6 ) :  Rural Area. Development. 
G.B. P a n t  U n i v e r s i t y  o f  A g r i c u l t u r e  £ T e c h n o l o g y ,  
P a n t n a g a r ,  N a i n i t a l ,  I n d i a ,  p .  4 8 .
2 . 2 . 2 . 5  Livestock enterprises
The l i v e s t o c k  i n d u s t r y  i s  an i m p o r t a n t  s e c t o r  o f  t h e  economy 
o f  t h e  a r e a  s e c o n d  o n l y  t o  c r o p s .  I t  p l a y s  a v i t a l  r o l e  i n  f a m i l y  
economy i n  h i l l s  b u t  h a s  n e v e r  b e e n  t a p p e d  f o r  maximum p r o d u c t i o n  
t h r o u g h  im p r o v e d  t e c h n o l o g y .  How ever ,  t h e  a r e a  h a s  r e a s o n a b l y  
a d e q u a t e  r e s o u r c e s  f o r  t h e  d e v e l o p m e n t  o f  l i v e s t o c k  a s  a s u p p o r t i n g  
e n t e r p r i s e  t o  c r o p  f a r m i n g .
A c c o r d i n g  t o  t h e  L i v e s t o c k  Cens us  ( 1 9 7 1 ) ,  t h e r e  w e re  a b o u t  
9 , 3 3 2  co w s,  1 4 , 0 0 0  b u f f a l o e s ,  4 , 8 6 5  g o a t s  an d  s h e e p  an d  934 l o c a l  
p o u l t r y  b i r d s  i n  t h e  b l o c k .  On t h e  a v e r a g e ,  e v e r y  h o u s e h o l d  k e e p s  
one cow and 1 t o  2 b u f f a l o e s  f o r  m i l k  p u r p o s e s .  T hes e  l o c a l  b r e e d  
o f  cows an d  b u f f a l o e s  a r e  p o o r  p r o d u c e r s .  B u f f a l o e s  g i v i n g  2 - 3  
l i t r e s  p e r  day  o f  m i l k ,  as  co m pared  t o  cows 1 l i t r e  p e r  day.  a r e  more 
p o p u l a r .  Cows a r e  m o s t l y  p a s t u r e - f e d  w h e r e a s  b u f f a l o e s  a r e  s t a l l -  
f e d .  A l t h o u g h  g o a t ,  s h e e p  and p o u l t r y  k e e p i n g  i s  n o t  p o p u l a r  i n  
t h e  a r e a  due t o  t h e  f e a r  o f  e p i d e m i c  d i s e a s e s ,  t h e r e  i s  a s u b s t a n t i a l
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scope f o r  expans ion  o f  l i v e s t o c k  i n d u s t r y  p ro v id i n g  sa feg u a rd s  
a g a i n s t  th e s e  d i s e a s e s  a re  t a k e n .
2.2.3 Human Resources
2.2.3.1 Demographic features
According to  the 1U71 Census,  the  t o t a l  p o p u la t io n  o f  the  
b lo c k ,  3 7 ,7 7 9 .was 13.65 pe r  cen t  h ig h e r  than t h a t  o f  1961.
Table 2.6 shows the  q u a l i t y  o f  th e  human r e s o u rc e s  endowment o f  
the  a r e a .  From the  d a t a  i t  appears  t h a t  the  a rea  i s  s p a r s e l y  
popu la ted  and has a h ig h e r  s e x - r a t i o  and l i t e r a c y  r a t e  than the 
S t a t e  as a whole.  The h ig h e r  l i t e r a c y  r a t e  in the  area  
p a r t i c u l a r l y  f o r  the  male p o p u la t i o n  r e f l e c t s  the  im por tance o f  
e d u c a t io n  to the  r e s i d e n t s  as a means o f  s e c u r i n g  jobs o u t s i d e  
the  a r e a .
TABLE 2.6
DEMOGRAPHIC FEATURES OF' BIIIKIASEN BLOCK, 1961 and 1971
F ea tu re s 1961 1971
Tota l  P o p u la t io n 33,241 37,779
Mai c 14,703 16,803
Female 18,538 20,976
D ens ity  o f  Popu la t ion 193 220
(No.of  p e r s o n / s q .k m . ) (251)* (300)*
Sex Rat io 1,261 1,248
(No.of female pe r  1 ,000 males) (909) * (883)*
L i t e r a c y  Rate 19.09 28.44
(17.7)* (21.60)*
Male 39.90 5 2.35
Female 2 .50 9.76
S o u rce : Z i l a  P a r i s h a d ,  S t a t i s t i c a l  D ep t . ,  Almora.
* F igures  i n  p a r a n t h e s i s  r e l a t e s  to  the  S t a t e  o f  U t t a r  Pradesh 
as a whole.
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Occupa t iona l  d i s t r i b u t i o n  o f  p o p u la t i o n  in the Bhik iasen  block 
(Table 2 .7)  shows 35 pe r  cen t  o f  the  t o t a l  p o p u la t i o n  as workers 
and remain ing  65 p e r  c e n t  as non-w orke rs .  Of the  t o t a l  w orkers ,  
c u l t i v a t o r s  accounted  f o r  about  96 p e r  c e n t  and the  remain ing  
were engaged in mining,  t r a d e  and commerce, household  in d u s t r y  e t c .
TABUi 2.7
LIVhLIIIOOD PATTERNS IN BUIKlASliN BLOCK, (19 71)
SI . P e r c e n Lage Percen tage
No. L ive i lhood P opu la t  ion o f  t o t a l  
p o p u la t io n
to  t o t a l  
workers
1 C u l t i v a t o r s 12,564 33.25 96.12
2 A gr ic .  l a b o u re r s 23 0.06 0.1 7
3 Mi n ing 168 0.44 1 .28
4 Manufacture 4 maintenance 9 0.02 0.06
5 T r a n s p o r t a t i o n 20 0.05 0.15
6 Trade 4 Commerce 23 0.21 0.63
7 H o r t i c u l t u r e  4 f o r e s t r y 8 0.02 0.  (X)
8 Other s e r v i c e s 1 74 0.46 1 .33
9 Tota l  workers 13,070 34 .51 100.00
10 Tota l  non-workers 24,709 65 .49
11 Tota l  p o p u la t i o n 37,779 100.00
S o u r c e : Z i l a  P a r i s h a d ,  S t a t i s t i c a l D epar tm ent, Almora.
2 . 2 . 3 . 2  Employment s t r u c t u r e
In a s tudy  conducted  by the  Dept, o f  A g r i c u l t u r e  Economics, 
G.B. Pant  U n i v e r s i t y ,  P a n tn a g a r ,  an a t tem p t  was made to  s tudy  the  
s t r u c t u r e  o f  o f f - f a r m  employment in  the a r e a .  The f in d in g s  
p r e s e n t e d  in  Table 2.8 r e v e a l  t h a t  about 64 p e r  cen t  o f  the  
households  had one o r  more members o f  the fami ly  working in  o f f -  
farm jo b s .  Of the t o t a l  96 workers  in  the  sample househo lds ,
43 were in  the  age group o f  15-30 y e a r s ,  42 in  the age group o f  
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About 11.5 per  cen t  o f  the t o t a l  workers  were employed w i th in  t h e i r  
v i l l a g e s  whereas about 82 .3  p e r  ce n t  were o u t s i d e  t h e i r  v i l l a g e .
'lhe remain ing  6 .28  p e r  ce n t  were working both in  v i l l a g e  as wel l  
as o u t s i d e  the  v i l l a g e .  With in  the  v i l l a g e  job o p p o r t u n i t i e s  
e x i s t e d  in a g r i c u l t u r e  as well  as o u t s i d e  a g r i c u l t u r e  such as 
r e p a i r i n g  and c o n s t r u c t i o n .  'Ilicrc were a g r e a t  v a r i e t y  o f  job 
o p p o r t u n i t i e s  o u t s i d e  the v i l l a g e  which in c lu d e  domestic  l a b o u r ,  
road c o n s t r u c t i o n  and main tenance ,  b u s i n e s s ,  defence and o t h e r  
government s e r v i c e s  e t c .  An en q u i ry  made i n t o  wages r e v e a l e d  t h a t  
da i l y  wage r a t e s  d i f f e r e d  s l i g h t l y  from a g r i c u l t u r a l  to  non- 
a g r i c u l t u r a l  jobs and from one age group to  a n o t h e r .
2.2.4 Economic and social infrastructures
- (See  Table 2.9)
TAB IT 2.9
SOCIO-ECONOMIC INSTITUTIONS AND OTHER INFRA-STRUCTURAL FACILITIES 
IN BIIIKIASEN BLOCK, 1973-1974
T n s t i t u t i o n s / F a c i l i t y Numbcr/Cnpnci ty
Primary  School (up to  5th  c l a s s )
Middle School (up to  8th c l a s s )
Higher Secondary School (up to  11th c l a s s )
In te r m e d ia t e  College (up to 12th c l a s s )
Unscheduled Banks
Large S ized  Coopera t ive  S o c i e t i e s
Coopera t ive  Bank
Regula ted  Market
Godown (Govt,  owned)
Capac ity
F e r t i l i z e r  Depot. (Agr ic .  Dept . )
Capac i ty
V e te r i n a r y  H o sp i t a l
Stockman Centre
No. o f  h o s p i t a l s / d i s p e n s a r i e s
Primary  Health  Centres
No. o f  beds in  h o s p i t a l s / d i s p c n s a r i c s



















4 8 kms 
24 kms
S o u rce : Z i l a  P a r i s h a d ,  S t a t i s t i c a l  Department,  Almora.
2.2 .4 .1  Marketing f a c i l i t i e s
E x i s t i n g  marke t ing  f a c i l i t i e s  arc not  adequate  or  
s a t i s f a c t o r y  p a r t i c u l a r l y  f o r  f r u i t s  and v e g e t a b l e s .  However, 
t h e r e  are fo u r  r e g u l a t e d  markets  ( r e g u l a r ) ,  b e s id e s  weekly and 
b i -w eek ly  markets  (P a in th )  o rg a n iz e d  at s e v e r a l  p la c e s  in the 
block where farmers  s e l l  t h e i r  produce and buy t h e i r  s u p p l i e s ,  
f o r  the  supply  o f  farm in p u t s ,  t h e r e  a re  n ine  (iovernment seed 
and f e r t i l i z e r  depots  and a c e n t r a l  godown which arc  unab le  to 
s e rv e  the  a rea  e f f i c i e n t l y  due to lack o f  t r a n s p o r t a t i o n .
2 . 2 . 4 . 2  Credi t  f a c i l i t i e s
Cheap, adequa te  and e a s i l y  a v a i l a b l e  c r e d i t  i s  a major 
req u i re m en t  f o r  a g r i c u l t u r a l  development .  E x i s t i n g  c r e d i t  
f a c i l i t i e s  are no t  geared  to se rve  the  needs o f  deve lop ing  
a g r i c u l t u r e ,  though t h e r e  are s i x  l a rg e  c o o p e ra t iv e  s o c i e t i e s ,  
and one branch o f  th e  D i s t r i c t  Coopera t ive  Bank, s e r v in g  the 
b lo c k .  However, on ly  a smal l  f r a c t i o n  o f  t o t a l  borrowings 
by f a rm e rs ,  comes from th e se  i n s t i t u t i o n s .  Farmers u s u a l l y  
borrow from s h o p -k e e p e r s ,  c o n t r a c t o r s ,  e t c . ,  a t  very h igh  i n t e r e s t  
r a t e s  r an g in g  from 24 to  35 pe r  c e n t ,  because  o f  s o c i a l  f e a r ,  
p e r s o n a l  b e l i e f s  and the  amount o f  pape r  work involved  a t  
i n s t i t u t i o n s .
2 . 2 . 4 . 3  Other f a c i l i t i e s
Poor and in a d e q u a te  means o f  t r a n s p o r t  and communication 
make the  people in  the  a rea  ig n o r a n t  o f  the o u t s i d e  world 
b e s id e  c r e a t i n g  many o t h e r  problems w i t h i n  the  b lo c k .  So f a r  as 
f a c i l i t i e s  f o r  e d u c a t io n  are  concerned ,  the  b lock seems to  have 
an adequa te  number o f  s c h o o l s .  'Ihe ina dequa te  p u b l i c  h e a l t h  
f a c i l i t i e s  become an a cu te  problem p a r t i c u l a r l y  in  the  absence 
o f  p ro p e r  t r a n s p o r t a t i o n  f a c i l i t i e s .
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2.2.5 Prospects for Farming
Though the e x i s t i n g  farming systems in  the a r e a  arc 
merely t r a d i t i o n a l ,  t h i s  s tudy  examines the  changes t h a t  cou ld  
he b rough t  in the farming systems in the  a r e a .  On the  bases  o f  
a s c r i e s  o f  t r i a l s  conducted  by the Departments o f  Agronomy 
and S o i l s ,  0. B. Pant  U n i v e r s i t y ,  P an tna ga r ,  in the area  on 
d i f f e r e n t  l o c a t i o n s  i t  is  c o n s id e r e d  p o s s i b l e ,  agro-eeonomica 1l y , 
to  in t ro d u ce  a w ider  v a r i e t y  o f  crops  in the a rea  i f  p rope r  
f a c i l i t i e s  f o r  land  improvement and a s s u red  i r r i g a t i o n  arc 
p ro v id e d .  The improved techno logy  such as use o f  liYVs, a p p l i c a t i o n s  
o f  f e r t i l i z e r s  and ag ro -chem ica ls  which has been p r a c t i s e d  in the 
p l a i n s ,  can a l s o  be i n t ro d u c e d  in the h i l l  r eg ion  i f  accompanied 
by the  development and improvements in  the i n f r a s t r u c t u r e  
f a c i l i t i e s .  Besides the  c u l t i v a t i o n  o f  improved v a r i e t i e s  o f  
annual  c ro p s ,  t h e r e  e x i s t s  scope fo r  development o f  h o r t i c u l t u r a l  
p e r e n n i a l  f r u i t  crops  such as Apples ,  Peaches,  P e a r s ,  Plums,
Papaya e t c . ,  in the  a r e a .  This o p t io n  i s  no t  be ing  co n s id e re d  




3.1 Introduction to Techniques and Review
In this study (which is in fact a further development of 
research carried out by the Department of Agricultural Economics 
and Cooperation, G.B. Pant University, Pantnagar) the major 
emphasis is on investigating the applicability and efficiency 
of different farm planning techniques applied to mixed farming 
conditions in the hill tracts of Uttar Pradesh.
'Ihe farm planning decision models in most common use have 
been activity budgeting, gross margin analysis, cash flow 
budgeting and comparative analysis. ihese planning techniques 
arc simple and readily available but suffer from the weakness 
that only one choice criterion (usually gross margin per acre) 
is used to select the activities in the farm plan. This results 
in the formulation of plans which maximize returns per unit of 
the factor selected but this may not in fact be the most limiting 
factor.
Over the past few years econometricians and statisticians 
have developed a research methodology for these problems which 
defined analytical solutions with existing knowledge. Perhaps 
the greatest single influence upon the development of these was 
the growth of large scale computer facilities. With these, it 
has become possible to use sophisticated techniques such as linear 
and non-linear programming and simulation with greater precision. 
Those techniques treating the farm as a whole entity, show an 
improvement over the common budgeting techniques.
Programming, both linear and non-linear, is an entirely 
mathematical technique. Its economic content is therefore nil.
It means that programming per se can never tell us anything 
about the operations of any part of the economy, it can only help us 
to find the implications of the economic information which we 
already have or are willing to assume. ihe present way of using
these programming techniques in the field of economies has come 
after a long and great effort by several economists (Cooper,
1953; Dorfman, 1953; Koopmans, 1951). Programming is concerned 
with the determination of the optimal solution to the problems.
As a result, it is well suited to the analysis of rational 
behaviour of the farmers.
In the research project on optimal resource allocation 
conducted by the Department of Agricultural Economics and 
Cooperation, G.R. Pant University, Pantnagar, the linear programming 
technique was used to establish maximum profit points for 
representative farms in the study area. ihe results of this 
earlier exercise were sufficiently interesting to warrant a 
further analysis of the same data using a number of alternative 
pi ans.
To apply linear programming to solve the optimum resource 
allocation, the family farm is viewed as a whole entity with a 
set of resource supplies on which a range of alternative 
enterprises of crops and livestock can be chosen to satisfy the 
objective of farming. The farm as a system is expressed in the 
form of an input-out matrix. When applied to farm production 
problems it gives a unique and optimal resource allocation plan 
which would maximize farm profits subject to the linear farm 
resource constraints. In spite of its limitations attempts 
have been made to apply LP to farm conditions in some developing 
countries like Kenya, Nigeria, Malaysia, India, Indonesia,
Thailand and some others, for example, studies carried out by 
Clayton (1961, 1963, 1964); Ileyer (1971); Desai (1961); Johl 
Ü Kahlan (1967); Ogunfowara (1970); Leonard (1969); Thodey (1973); 
Wardhani (1974); etc. These studies reveal that complexities and 
the diverse nature of peasant farming make formulation of 
realistic models difficult in the absence of reliable and adequate 
data. The results show only limited promise and appropriateness 
of using only one objective function for small farmers but do 
indicate the lines along which further development should take place.
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P aram e t r ic  Linear  Programming has a l s o  been u t i l i z e d  to  
I n v e s t i g a t e  the  e f f e c t  o f  p a r a m e t e r i s i n g  the b in d in g  c o n s t r a i n t s  
i d e n t i f i e d  on the  b a s i s  o f  shadow p r i c e s  o f  e x i s t i n g  r e s o u r c e s  
o b ta in e d  from the dual  s o l u t i o n  o f  LP.
Since fo r  a p a r t i c u l a r  s e t  o f  re source  s u p p l i e s ,  l i n e a r  
programming p ro v id es  only a s i n g l e  s o l u t i o n ,  with no a l t e r n a t i v e  
o p t io n  to be p r e s e n te d  to the farmers to choose from, the a n a l y s i s  
proceeds  with s im u l a t i o n  which was developed as an e f f e c t i v e  
farm p la n n in g  t e ch n iq u e  to  g en e ra te  a range o f  sub-op t im al  
s o l u t i o n s  overcoming the  problems in h e re n t  in r e a l  farm s i t u a t i o n s  
which are hand led  l e s s  ad eq u a te ly  by the l i n e a r  programming 
teehn iquo  .
Ihe Monte Car lo  s im u l a t i o n  tech n iq u e  used  here  t o  s tudy  
r e s o u rc e  a l l o c a t i o n  i m p l i e s ,  in i t s  s im p l e s t  form, t h a t  each 
v a r i a b l e  [ a c t i v i t y ]  i s  randomly a l l o t t e d  a va lue  in  o rd e r  to  s e l e c t  
a b e t t e r  a l t e r n a t i v e  e n t e r p r i s e  com bina t ion ,  examining the 
a v a i l a b l e  a c t i v i t i e s  s u b j e c t  to given c o n s t r a i n t s . *  ' Ihis  p rocess  
i s  r e p e a t e d  a g r e a t  number o f  t imes and g e n e ra te s  a number o f  
a l t e r n a t i v e  farm p la n s  f o r  farmers to  choose from acc o rd ing  to 
any s u b j e c t i v e  c r i t e r i a  they  l i k e .  A g r e a t  amount o f  in fo rm a t ion  
d e r iv e d  from t h i s  t e chn ique  can a l s o  be used fo r  f u r t h e r  
c o n s i d e r a t i o n s  such as m u l t i - o b j e c t i v e  fu n c t i o n s  or  o t h e r  
s e n s i t i v i t y  a n a l y s i s .
S im u la t ion  farm p la n n in g  method,  a r e l a t i v e l y  new techn ique  
developed  dur ing  the  l a s t  decade,  appea rs  to  be unknown to  the  
a g r i c u l t u r e  s e c t o r s  i n  the  deve lop ing  c o u n t r i e s ^  a l th o u g h ,  some 
e f f o r t s  (Pent  $ Thompson, 1967; Donaldson f, Webster ,  1967) have
1 C ar l son ,  M. , Ilovmark, B. ,  and Lindergen,  I .  (1969):  'A Monte 
Car lo  Method fo r  t h e  Study o f  Farm P lanning  P ro b lem s ' ,
Rev. o f  M arketing & A grie . Econ. _, Vol.37,  No. 2, pp. 80-81.
2 Wardhani,  M.A. (1976):  Towards R a tio n a l Farm Plans fo r  Land
S e ttle m e n ts  in  Indonesia : A Study o f  Land development using
LP & S im u la tio n  Techniques. A p u b l i sh e d  MADE T h e s i s ,
ANU, i s  the  f i r s t  known a t t e m p t .
been made to  use i t  i n  developed  c o u n t r i e s  to  ana ly se  e n t e r p r i s e  
combinat ion and to  feed mixing problems .
All  the  above d e s c r ib e d  r e s o u rc e  a l l o c a t i o n  models assume. 
i n t e r  a l i a ,  p e r f e c t  knowledge and p r o f i t  maximizing o b j e c t i v e s .  
However the  t r u e  d e c i s i o n  making environment  in  a g r i c u l t u r e  i s  
r a r e l y  c h a r a c t e r i z e d  by c e r t a i n t y  o f  t e c h n i c a l  r e l a t i o n s h i p s ,  
p r i c e s  and c o s t s .  In the  p r e s e n t  s tudy  an a t tem p t  has a l s o  been 
made to  al low r i s k  management f o r  d i f f e r e n t  farm s i z e s  u s ing  
Monte Carlo S im u la t i o n .  L inea r  programming t e chn ique  used  
t o g e t h e r  with  s im u l a t i o n  can p ro v id e  s u f f i c i e n t l y  r e l i a b l e  b a s i s  
f o r  making r a t i o n a l  d e c i s i o n  i n  s e l e c t i n g  a l t e r n a t i v e s  open to 
fa rm ers .  These te c h n iq u e s  shou ld  be used f o r  a r eg ion  or  fo r  
a group o f  farmers r a t h e r  than  f o r  an i n d i v i d u a l  farmer as lias 
been d i s c u s s e d  in  Chapter  2, because  o f  the  t ime invo lved  and 
the  d e t a i l e d  n a t u re  o f  d a t a  needed .
Lor e x p l a n a to r y  purposes  o f  t h i s  s tudy  a s imple  s t a t i c  
model i s  u sed .  I t  i s  a p p r e c i a t e d  t h a t  more complex dynamic 
models could be t r i e d .
3.2 Linear Programing
Dantz ig  (1951) i n v e n te d  the  f i r s t  s u c c e s s f u l  genera l  
com pu ta t iona l  t e c h n iq u e s ,  the  s im plex  method,  fo r  l i n e a r  
programming. E a r l i e r ,  some mathem at ic ians  l i k e  F o u r i e r ,  a 
French,  in  1826 and a Russ ian ma them at ic ian  Kantorovich made 
im p o r ta n t  c o n t r i b u t i o n s  (Baumöl, 1965).  Once a problem has 
been fo rm ula ted  to  maximize o r  minimize a l i n e a r  o b j e c t i v e  
f u n c t i o n ,  programming,  th e n ,  i s  the  mathemat ica l  method f o r  the  
a n a l y s i s  and computa t ion o f  the  optimum d e c i s i o n s  which do n o t  
v i o l a t e  the  l i m i t a t i o n s  imposed by i n e q u a l i t y  s id e  c o n d i t i o n s .
In the  case  o f  the  s implex  method,  the  computa t ion  i s  an i t e r a t i v e  
p ro c e d u re .  With the  advent  o f  s c i e n t i f i c  and t e c h n o l o g i c a l  
advancements,  use o f  t h i s  t o o l  has become r e l a t i v e l y  e a s i e r  due 
to  ready-made L.P. packages  l i k e  AGLP, AGPLP, ZXILP, ZX3LP, S1MPDX, 
S1MPLX and so on. These programmes use the  r e v i s e d  simplex method 
o r  i n v e r s e  method.  The th e o ry  and use o f  L P in  a g r i c u l t u r e  have 
been d e s c r ib e d  e l sew here  ( e . g .  Heady & Candler ,  1958, p . l ) ,
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(Baumol, 1965, p .  70) ,  (Waring,  1962, p.  27 ) .  In the  p r e s e n t  
a n a l y s i s  the  f i r s t  two programmes mentioned above were used .
Like o t h e r  models o r  t e c h n iq u e s  LP, t o o ,  i s  l i m i t e d  i n  
i t s  a b i l i t y  to  r e p r e s e n t  r e a l i t y  by th e  assumptions upon which 
the  model i s  b u i l t .  Hence, th e  u n d e r ly in g  assumpt ions  o f  LP 
can be s t a t e d ,  in  b r i e f  as f o l lo w s :
0 L i n e a r i t y ;  the  o b j e c t i v e  fu n c t i o n  and every  c o n s t r a i n t  
o f  LP problem i s  i n  l i n e a r  form.
° A d d i t i v i t y ;  r e f e r s  to  the  s i t u a t i o n  where each a c t i v i t y  
and l i m i t i n g  f a c t o r  i s  independen t  o f  a l l  o t h e r s .
° D i v i s i b i l i t y ;  assumes i n  a g e n e ra l  LP problem choice 
v a r i a b l e s  may e n t e r  th e  s o l u t i o n  at  any f r a c t i o n a l  
l e v e l .
0 C e r t a i n t y ;  c o n s t a n t s  o r  c o e f f i c i e n t s  a re  assumed to  be 
c e r t a i n .
° Non n e g a t i v i t y ;  a n e g a t i v e  amount o f  any a c t i v i t y  
cannot  be produced.
Some improvements have been s u g g es ted  to  overcome the  
s i t u a t i o n s  where any o r  few o f  th e s e  assumptions  are  v i o l a t e d .
M a th em a t ica l ly ,  the  s t a n d a r d  form o f  the  LP problem can 
be exp re s sed  most s u c c i n c t l y  i n  m a t r ix  n o t a t i o n :
Maximize Z = CX •
S u b jec t  to  AX (>_, = ,<_)b 
XH)
where C i s  a row v e c t o r  o f  o r d e r  n ( o b j e c t i v e  c r i t e r i o n ) ,  
b i s  a column v e c t o r  o f  o r d e r  m ( the  RMS), and 
A i s  a m x n m a t r ix  ( i n p u t  o u tp u t  c o e f f i c i e n t s ) .
This  can a l so  be ex p re s s e d  in  terms o f  summation n o t a t i o n :
n
. . .  (1) 
. . .  ( 2 ) 
. . .  (3)
Maximize (o r  Minimize)
s u b j e c t  to
Z = . E. C . X . 
J = 1 3 3
. . .  (4)
ml < c o n s t r a i n t s
n
. E, a . .X.+S. 
3 = 1 LJ J >
i = 1 , 2 , . . . .m1 ----- (5)
n
m2 > c o n s t r a i n t s .E .a .  .X.-S.  
3 = 1 i j  J i
= b . , i=m^+ 1 , . .m^  + . . • • (6)
n m2
m3 = c o n s t r a i n t s .E- . . . 
3=1 i j  3
ii cr H- i = m M 2 + 1 , . . • • •  • (7)
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where mj+n^+m^ = in
S. i s  u n r e s t r i c t e d  i = l , 2 , . . . .m,+m„
l  1 2
Z = f (x )  in the  o b j e c t i v e  f u n c t i o n ,  C_. and X. a re  gross  
margin and l e v e l  o f  j l h  a c t i v i t y  r e s p e c t i v e l y ,  a . j  is  input  
o u tp u t  c o e f f i c i e n t  o f  j t h  a c t i v i t y  us ing  i t h  r e s o u r c e ,  b. i s  the 
supply  o f  i t h  r e s o u rc e  ( th e  R11S) .
Every l i n e a r  programming problem can be though t  o f  as a 
sea rch  for  the  'b e s t*  s o l u t i o n ,  t h a t  is  a unique combinat ion o f  
a c t i v i t i e s  which c i t h e r  maximize o r  minimize the  o b j e c t i v e  
f u n c t i o n .  G e o m e t r i c a l ly ,  th e  optimal p o i n t  o f  a l i n e a r  programme 
s o l u t i o n  always l i e s  on th e  boundary o f  the f e a s i b l e  r eg io n s  where 
the  hyper  p lane  formed by the  o b j e c t i v e  fu n c t io n  j u s t  touches  
the  'm' d imensional  ' s p h e r e '  formed by the  s p e c i f i e d  c o n s t r a i n t s ,  
from the  view p o i n t  o f  e f f e c t i v e  farm p l a n n in g ,  the  s i n g l e  LP 
s o l u t i o n  does not  p rov ide  a l t e r n a t i v e s  fo r  p e a s a n t s .  Thus , i n  f a c t ,  
t h i s  unique op t im a l  s o l u t i o n  might  no t  conform to  th o se  where 
p r e f e r e n c e s  were no t  in c lu d e d  i n  the  o b j e c t i v e  f u n c t i o n .
One o f  the  s i g n i f i c a n t  and v a l u a b le  a s p e c t s  o f  l i n e a r  p ro g ­
ramming i s  t h a t  i t s  s o l u t i o n  - i f  de te rmined  by a computer  - almost 
a u t o m a t i c a l l y  g ives  us th e  dual s o l u t i o n .  This stems from the  
f a c t  t h a t  every  LP s o l u t i o n  i s  a ' s a d d l e - p o i n t '  between a primal  
and dual  problem and i t  i s  t h e  dual  s o l u t i o n  which i s  o f  p a r t i c u l a r  
i n t e r e s t  because  i t  p ro v id es  th e  marg ina l  va lue  p roduc ts  o r  shadow 
p r i c e s  o f  each a c t i v i t y  and r e s o u r c e  s u p p ly .  rIhe MVP's o f  
s u rp lu s  r e s o u rc e s  a re  z e ro ,  o th e rw i s e  they  have a c e r t a i n  p o s i t i v e  
va lue  which r e f l e c t s  the  r e l a t i v e  s c a r c i t y  o f  the  r e s o u rc e  
conce rned .  A p o s i t i v e  va lue  f o r  t h e  MVP r e p r e s e n t s  the  i n c r e a s e d  
va lue  o f  o b j e c t i v e  f u n c t i o n  when one u n i t  o f  t h a t  s c a r c e  r e s o u rc e  
i s  added.  A h igh  shadow p r i c e  o f  an excluded  a c t i v i t y  means a 
l a rg e  r e d u c t i o n  o f  the  o b j e c t i v e  f u n c t i o n  i f  t h a t  a c t i v i t y  i s  fo rced  
i n t o  the  p l a n .  This v a l u a b le  i n f o r m a t io n  p ro v id es  a guide to  which 
d i r e c t i o n  the  expans ion  o r  r e d u c t i o n  o f  the  b u s in e s s  shou ld  t a k e  
pi  ace .
For th e  purpose o f  farm p la nn ing  s t u d i e s ,  th e  above 
in fo rm a t ion  can be used to  d e t e c t  which c o n s t r a i n t s  a rc  b ind ing  
and a t  what l e v e l .  A c a r e f u l  s tudy  o f  the  e x i s t i n g  performance 
may show, a t  l e a s t  in  p r i n c i p a l  i f  not  in exac t  magnitude - how 
in f u tu r e  d i f f e r e n t  re s o u rces  should  be a l l o c a t e d  to d i f f e r e n t  
a c t i v i t i e s  t o  r a i s e  th e  farm income l e v e l s  and thus  the s t a n d a rd  
o f  l i v i n g  in  the  a rea  or  by i n t r o d u c in g  more p r o f i t a b l e  c r o p s /  
l i v e s t o c k  e n t e r p r i s e s  o r  by improving th e  supply o f  re s o u rc e s  
o f  p a r t i c u l a r  need and i n t e r e s t .
3.3 Parametric Programming
An obvious  cjucs t ion a r i s i n g  a f t e r  a LP problem has been 
so lved  i s :
What happens to  the  s o l u t i o n  o f  th e  problem when t h e r e  
i s  a change in  c o e f f i c i e n t s  ih e s e  changes may be in  the  given 
range  f o r  c o e f f i c i e n t s  which changes the  s e t  o f  b a s i c  v a r i a b l e s  
o f  th e  op timal s o l u t i o n :  t h i s  i s  c a l l e d  p a r a m e t r i c  programming 
( P . P . ) .  Thus, P.P.  i s  used to  i n v e s t i g a t e  th e  s e n s i t i v i t y  o f  
the  optimum s o l u t i o n  to  changes in t h e  pa ram ete rs  o f  the  r e s o u rc e  
s u p p l i e s ,  the  c o e f f i c i e n t s  and the  o b j e c t i v e  fu n c t i o n .
This more s o p h i s t i c a t e d  a n a l y s i s  is  a l s o  ab le  t o  p rov ide  
i n f o rm a t io n  on t h e  s t a b i l i t y  o f  t h e  optimal s o l u t i o n s .
In co n ju n c t io n  with  th e  p r e s e n t  s tu d y ,  t h i s  a n a l y s i s  i s  
im por tan t  in  examining the  impact  o f  va ry ing  t h e  c r i t i c a l  
p a ram ete rs  o f  th e  b ind ing  r e s o u rc e  s u p p l i e s  than  c u r r e n t l y  
a v a i l a b l e  to  p ro v id e  a l t e r n a t i v e  o p t io n s  f o r  p o l i c y  d e c i s i o n s .  
However, even wi th  changes in  key p a ra m e te r s ,  t h e r e  i s  a s i n g l e  
optimum s o l u t i o n  f o r  each change and around each optimum 
s o l u t i o n  t h e r e  a rc  a l a rg e  number o f  sub-op t im a l  s o l u t i o n s .
These sub-op t im al  s o l u t i o n s  f o r  a g iven  lower l i m i t  va lue  o f  
o b j e c t i v e  fu n c t i o n s  can be g e n e ra te d  by r e v e r s e  simplex method.
In f a c t ,  p r i n c i p a l l y ,  i t  i s  formed by f o r c in g  n o n -b a s ic  
a c t i v i t i e s  i n t o  t h e  s o l u t i o n  (Van de Panne, 1971). In th e  p r e s e n t  
s tudy  Monte Carlo s i m u l a t i o n  method i s  a p p l i e d  to  g e n e ra te  sub- 
op t im a l  s o l u t i o n s  i n s t e a d  o f  th e  r e v e r s e  simplex method because  
o f  the  amount o f  t ime and co m p l ic a t io n s  invo lved  in  t h i s  p r o c e s s .
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3.4 Monte Carlo Simulat ion 
3.4.1 In t roduct ion
The Monte Carlo S im u la t ion  programming i s ,  b road ly  
speak in g ,  a p rocess  based  on random numbers fo r  s e l e c t i n g  
a c t i v i t i e s  and t h e i r  i n t e g e r  l e v e l s  in  an a t tem p t  to  overcome 
f a i l i n g s  i n h e re n t  In a L inear  Programming t e ch n iq u e  and to  
p rov ide  a number o f  a l t e r n a t i v e  s o l u t i o n s ,  i h e  n a tu re  o f  the 
t e c h n iq u e  makes i t  a t t r a c t i v e  in th o se  s i t u a t i o n s  where i t  
i s  d e s i r a b l e  to  t ake  i n t o  account  c o n s t r a i n t s  o f  a s u b j e c t i v e  
n a t u r e .  For i n s t a n c e ,  a c t i v i t i e s  can be weighted  to favour  
the  i n c l u s i o n  o f  th o s e  p r e f e r r e d  by a fa rm er .  S i m i l a r l y ,  the  
t e c h n iq u e  a l s o  a l low s  the i n c l u s i o n  o f  s t e p  i n t e r v a l  o f  
a c t i v i t i e s  (sec p. SO) and de te rm ines  in  advance the  maximum 
number o f  a c t i v i t i e s  in  any one p l a n ,  thus  av o id in g  th e  p o s s i b l e  
p r o l i f e r a t i o n s  o f  small  e n t e r p r i s e s  t h a t  can occu r  with LP.
I t  p e rm i t s  f l e x i b l e  model b u i l d i n g  in c lu d in g  economies 
o f  s c a l e ,  i n t e r a c t i o n  between a c t i v i t i e s ,  and i n c l u s i o n  o f  
s e v e r a l  o b j e c t i v e  fu n c t i o n s  and n o n - l i n e a r  r e l a t i o n s h i p s  
(Car lson  e t  a t . ,  1969; S t ry g ,  1967; Thompson, 1967).
Lindergcn and C ar l son  put  forward t h i s  a n a l y t i c a l  te chn ique  
in 1966. S ince  th e n ,  a few s t u d i e s  (such as by S t r y g  , 1967 ; Dent 
and 'Ihompson , 1967 ) made a t tem p t s  to  compare l i n e a r  programming 
with t h i s  t e c h n iq u e  and have shown s u p e r i o r i t y  o f  th e  l a t t e r  in 
terms o f  r e l i a b i l i t y  and a c c e p t a b i l i t y  o f  s o l u t i o n s  owing t o  t h e i r  
c lo s e n e s s  to  r e a l i t y .
The p r e s e n t  s tudy  fol lows the  programme developed by Thompson 
(1970) a t  the  U n iv e r s i t y  o f  Reading.  The Monte Carlo programme 
d e s c r ib e d  h e re  has been developed  to  o p e r a t e  on problems fo rm ula ted  
as Mixed I n t e g e r  L inear  programmes as L inea r  Programming has  f a i l e d  
t o  become a w idespread  t o o l  f o r  p la n n in g  purposes  on a number o f  
coun t s .  I t s  conf inement t o  l i n e a r i t y  produces  f r a c t i o n a l ,  r a t h e r  
than  i n t e g e r ,  s o l u t i o n s ;  and while  rounding  o f f  o f  the  l a rg e  numbers 
may only  i n s i g n i f i c a n t l y  a f f e c t  th e  answer,  rounding  o f  low numbers 
may e n t a i l  a very  l a rg e  d e p a r t u r e  from the  optimum p la n .  The 
c o n d i t i o n s  o f  l i n e a r i t y  can r e s u l t  in  im p r a c t i c a b l y  low l e v e l s  o f  
a c t i v i t i e s  be ing  s e l e c t e d ,  and a l s o  p r e c lu d e s  the  use o f  ' s e t - u p '
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c o e f f i c i e n t s  ( s ec  p.  44) i n  t he  programming m a t r i x .
The Monte Ca r l o  t e c h n i q u e  i s  a b l e ,  b e s i d e s  t a k i n g  
a c coun t  o f  i n t e g e r  needs  and p r o h i b i t i n g  where n e c e s s a r y  low 
l e v e l s  o f  a c t i v i t i e s ,  t o  i n c l u d e  a c t i v i t i e s  which r e q u i r e  
' s e t - u p '  amounts o f  r e s o u r c e s .  Th i s  t e c h n i q u e  i s  employed 
t o  g e n e r a t e  s o l u t i o n s  which conform t o  c o n s t r a i n t s  p l a c e d  
upon an I n t e g e r  Programming m a t r i x .  bach o f  t h e s e  s o l u t i o n s  
i s  s u b j e c t e d  t o  an a d j u s t m e n t  mechanism which e n s u r e s  t h a t  
answers  l y i n g  i n s i d e  t h e  f e a s i b l e  a r e a  a r c  c o n v e r t e d  t o  a 
c a p a c i t y  s o l u t i o n ,  l y i n g  on t h e  f e a s i b l e  bounda r y .
The programme used in  t h i s  s t u d y  d i f f e r s  q u i t e  s i g n i f i c a n t l y  
f rom t h a t  o f  Donaldson l\ W e b s t e r ' s  (1908)  programme used by Wardhani  
( 1976 ) ,  a s  i t  p e r m i t s  c o n s t r a i n e d  maxima and minima;  s e t - u p  c o ­
e f f i c i e n t s ;  a c t i v i t y  s t e p  s i z e  p r o c e d u r e s ’, c o n s i d e r a t i o n  f o r  s u pp l y  
a c t i v i t i e s  and m u t u a l l y  e x c l u s i v e  a c t i v i t i e s .  B e s i d e s ,  t h e s e  
s p e c i a l  f e a t u r e s  i t  a l s o  has  got  p r o v i s i o n s  f o r  p l o t t i n g  o f  
g r a p h s ,  c o mp u t a t i on  o f  s t a t i s t i c s  and i n c l u s i o n  o f  s e conda r y  
c r i t c r i a .
3 . 4 . 2  Mathematical Formulation o f  the Programme
The o b j e c t  o f  t h e  Monte Ca r l o  S i m u l a t i o n  Model used  h e r e  
i s  t o  maximize t h e  c r i t e r i o n  f u n c t i o n ,  Z, o f  t h e  M a c t i v i t i e s  
chosen  from a pr ob lem h a v i n g  N a c t i v i t i e s  and R c o n s t r a i n t  rows 
and can be e x p r e s s e d  m a t h e m a t i c a l l y  as
M
Z = f j  (Xj) .......... (8)
J - i
where Z i s  t h e  c r i t e r i o n  v a l u e  i . e .  T o t a l  Gross  Margins  (TGM), 
and f j  (Xj) i s  t h e  c o n t r i b u t i o n  t o  t h a t  v a l u e ,  as a f u n c t i o n  
o f  t h e  l e v e l  X o f  a c t i v i t y  j .
rlbc o b j e c t i v e  f u n c t i o n  f o r  each a c t i v i t y  may t a k e  
p r a c t i c a l l y  any form,  b u t  t h a t  s p e c i f i e d  i n  t h e  g e n e r a l  programme
i s  :
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M
z = >:x Qj + AjXj ( (J )
wh e r e  Qj i s  t h e  f i x e d  p o r t i o n  o f  t h e  o b j e c t i v e ,  and Aj i s  t h e  
l i n e a r  c o e f f i c i e n t  o f  t h e  o b j e c t i v e .
The f u n c t i o n  t o  be max i mi s e d  i s  s u b j e c t  to s e c o n d a r y  
c o n d i t i o n s  f o r  e a c h  o f  t h e  1 t h r o u g h  i t o  It c o n s t r a i n t s  
o (' t he fo rm:
C . 
mi n . Qi j  + ( A i j . X j )
< C
max 0 0 )
w h e r e :
Qi j  i s  t h e  f i x e d  p o r t i o n  o f  r e s o u r c e  u s e ;
A i j  i s  t h e  l i n e a r  c o e f f i c i e n t  o f  r e s o u r c e  u s e ;
c .Ill 1 11. 1
i s t h e mi nimum l i mi t  on r e s o u r c e  us e
cmax.l
i s t h e maxi mum Li mi t  on r e s o u r c e  u s e
And i n c l u s i o n  o f  t h e  a c t i v i t i e s  1 t h r o u g h  j t o  M d e p e n d s  
upon t h e  s e c o n d a r y  c o n d i t i o n s  as  f o l l o w s :
m i. n Xj max . 
J
( ID
wh e r e  X i s  t h e  minimum l i m i t  on j t l i  a c t i v i t y  l e v e l  X j , X
J
i s  t h e  maximum l i m i t  on j t h  a c t i v i t y  l e v e l  X j , and  Xj t a k e s
d i s c r e t e  v a l u e s  b e t w e e n  X . and Xm m .  max.
J  J
m a x . 
J





m a x . 
J
0  < s t e p





No such c o n d i t i o n s  r e q u i r i n g  n o n - n e g a t i v i t y  arc p laced
on X . , C . , o r  Xj. An a c t i v i t y  j not  be ing  one o f  the  M b a s i cnun.  nun.  * ^
J J
a c t i v i t i e s  in  any p a r t i c u l a r  s o l u t i o n  i s  cons ide red  to  be a t  zero 
l e v e l ,  and any non-zero  Qij c o e f f i c i e n t s  a re  ignored when 
e v a l u a t i n g  r e s o u rc e s  and o b j e c t i v e s .
P rogress  towards a maximized va lue  f o r  th e  main o b j e c t i v e s  
can be made by a) a h e u r i s t i c  ad jus tm en t  o f  each b a s i c  s o l u t i o n ,  
and b) h e u r i s t i c  ad ap t io n  o f  weight  f a c t o r s  f o r  a c t i v i t i e s  a t  
each s t a g e  o f  com puta t ions .  This  a d a p t a t i o n  can be a u to m a t ic ,  
o r  can be c o n t r o l l e d  by the  u s e r .
'lbe programme o p e r a t e s  on t h a t  c l a s s  o f  problems which can 
be fo rm ula ted  as Mixed I n t e g e r  programmes. M atr ices  for  such 
programmes can be ex t rem ely  bu lky ,  and " c a r s "  have been added 
to the  top  and l e f t  hand s i d e  o f  the  Monte Carlo Matr ix  to 
p ro v id e  a more co n c i se  way o f  conveying the  i n t e g e r  l o g i c .
3 .4 .3  Set-Up C oe f f i c i en t
Each c e l l  o f  th e  m a t r ix  p ro p e r  ( i n c l u d i n g  th e  o b j e c t i v e  
fu n c t io n )  i s  s p l i t  i n t o  two. The va lue  Q i s  a s e t - u p  f i g u r e ,  
be ing  the amount o f  r e s o u rc e s  needed to  s t a r t  an a c t i v i t y .
The va lue  A i s  the  u t i l i t y  o r  c o s t  per  u n i t  i n c r e a s e  i n  the  le ve l  
o f  t h a t  a c t i v i t y  ( f i g u r e  3 . 1 ) ,  and the  two p a ram ete rs  from the  
e q u a t i o n :
Y = Q + Ax .........  (15)
where X i s  th e  l e v e l  o f  a c t i v i t y ,  and Y i s  the  r e s o u r c e  used .
No r e a l i s t i c  al lowance can be made in the conven t iona l  
l i n e a r  programming model f o r  a ' s e t - u p '  c o s t .  However, the 
s e p a r a b l e  programming docs p rov ide  t h i s  f a c i l i t y  bu t  i s  o f  no 
concern  he re  due to  the s p e c i f i c  need o f  l a rg e  number o f  farm 
p l a n s .  The c o e f f i c i e n t  A i s  a l i n e a r  c o e f f i c i e n t  bu t  i n c l u s i o n  
o f  ' s e t - u p '  f i g u r e  makes the  programme more s u c c e s s fu l  in the  
case o f  i n c r e a s i n g  or  d e c r e a s i n g  r e t u r n s .
FIGUR]; 3.1
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3.4 .4  Random Se l ec t ion
B a s i c a l l y ,  the  method is  a p rocess  based on a random 
number t e ch n iq u e  to  s e l e c t  a number o f  a c t i v i t i e s .  By means 
o f  weighting  row ( f o r  d e t a i l s ,  see p.SO ) p r o b a b i l i t i e s  which 
govern the o th e rw is e  random p rocedu re  lo r  s e l e c t i n g  those 
a c t i v i t i e s  which comprise a given a t tem p t  at a s o l u t i o n  can 
be a l t e r e d .
Once an a c t i v i t y  has been s e l e c t e d ,  a le ve l  i s  s e l e c t e d  
which f a l l s  randomly between th e  a c t i v i t y  maximum and minimum, 
and does not  v i o l a t e  the  c o n s t r a i n e d  maxima. Random l e v e l s  
o f  random a c t i v i t i e s  c o n t in u e  to  be s e l e c t e d  u n t i l  a) no more 
a c t i v i t i e s  can be brought in  w i th o u t  v i o l a t i n g  the  c o n s t r a i n t  
maxima, o r  b) a p r ed e te rm in ed  upper l i m i t  on th e  number o f  
a c t i v i t i e s  a l lo w ab le  in  each s o l u t i o n  i s  met.  The p r o v i s i o n a l  
s o l u t i o n  reached  w i l l  in  a l l  p r o b a b i l i t y  not  use the  r e s o u rc e s  
a v a i l a b l e  as f u l l y  as i t  could  do - i . e .  i t  i s  not  a "boundary" 
s o l u t i o n .  This f i r s t  s t e p  i s  fo l lowed  by an expans ion  s t a g e ,  
whereby t h i s  p r o v i s i o n a l  s o l u t i o n  i s  then  a d j u s t e d ,  i n c r e a s i n g  
th e  l e v e l s  o f  a c t i v i t i e s  chosen in  t h e  same o r d e r  as they  were 
s e l e c t e d ,  as f a r  as i s  p o s s i b l e  w i th o u t  v i o l a t i n g  the  
c o n s t r a i n t s  so t h a t  p r o f i t  i s  i n c r e a s e d ,  and g r e a t e r  use i s  
made o f  the  r e s o u r c e s  a v a i l a b l e .  An a d j u s t e d  answer i s  
produced ,  which i s  t e s t e d  f o r  any v i o l a t i o n  o f  c o n s t r a i n t  minima, 
and i f  s u c c e s s f u l  i s  s t o r e d .
A g r a p h ic a l  r e p r e s e n t a t i o n  o f  t h i s  mechanism can be seen 
in  f i g u r e s  3.2 and 3 .3 .  Figure 3.2 shows a s imple  two a c t i v i t y  - 
two c o n s t r a i n t  l i n e a r  programming example,  where,  acc o rd in g  to  the  
r e l a t i v e  c r i t e r i a  o f  X^  and X? , a s o l u t i o n  a t  A, B o r  C w i l l  be 
found.  Supposing t h a t  X^  and X^  must t ake  i n t e g e r  l e v e l s ,  the 
c i r c l e s  r e p r e s e n t  the  only  f e a s i b l e  s o l u t i o n s ,  and n e i t h e r  A,
B o r  C f a l l  on one o f  t h e s e  p o i n t s .  T h e re fo re ,  we need to 
swi tch  to  i n t e g e r  programming such as Monte Carlo programming.
Figure  3 .3  shows a s i m i l a r  two a c t i v i t y  programme, now 
c o n s t r a i n e d  by Monte Carlo l i m i t s :  two c o n s t r a i n t  maxima, two 
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Hio a r e a  i n s i d e  the  ha tched  l i n e s  r e p r e s e n t s  the f e a s i b l e  a re a  
fo r  manoeuvre,  and in  a d d i t i o n  a c t i v i t i e s  cannot  be chosen a t  
l e v e l s  below t h e i r  a c t i v i t y  minima u n le s s  th o s e  l e v e l s  a re  
ze ro .  In o rd e r  to  u n d e r s tan d  th e  s e l e c t i o n  p r o c e s s ,  i t  w i l l  
be assumed t h a t  p r o f i t  o r  g ro s s  margin in our  case  is the 
c r i t e r i o n ,  and t h a t  both a c t i v i t i e s  produce a p r o f i t .  That 
b e in g  so ,  th e  optimum s o l u t i o n  w i l l  be one o f  the  p o i n t s  M to 
S, depending on the  r e l a t i v e  p r o f i t a b i l i t i e s  o f  and X^.
P o in t  T, f o r  example,  could  not  be optimum as a c t i v i t y  X could  
be i n c re a s e d  to p o i n t  S, g iv in g  an increment in t o t a l  gross  
m a r g i n s .
Suppose a computer  t r a c e s  t h r e e  random t r i a l s  in o r d e r  to  
s o lv e  t h i s  problem (F igure  3 . 3 ) .  Route one fo l lows a choice 
o f  X^  a t  a random l e v e l ,  then  a random le v e l  o f  X? - a r r i v i n g  a t  
p o i n t  V. The ad jus tm en t  t a k e s  o v e r ,  and pushes X^  (as i t  was 
chosen f i r s t )  as f a r  as p o s s i b l e  towards the  boundary:  X0 cannot  
be i n c r e a s e d ,  and the  s o l u t i o n  r e s t s  a t  P . A s i m i l a r  r u l e  i s  
fo l lowed  fo r  r o u te  two; i n  each case  the  a c t i v i t y  which was 
chosen f i r s t  was i n c r e a s e d  f i r s t .  Route two i l l u s t r a t e s  a 
p e c u l a r i t y  o f  the  programme in  t h a t  p o in t  Y l i e s  below th e  
minimum c o n s t r a i n t  l i n e  w hile  i t  i s  p o s s i b l e  to  ensu re  t h a t  a l l  
p o i n t s  randomly chosen w i l l  l i e  below the  c o n s t r a i n t  maxima, a 
t e s t  fo r  v i o l a t i o n  o f  th e  minima cannot  be made u n t i l  a complete 
answer has been s e l e c t e d .  Without  th e  ad jus tm en t  p ro c e d u re ,  
the  s o l u t i o n  a t  Y would be d i s c a r d e d  a t  t h i s  j u n c t u r e  i n s t e a d  
o f  b e in g  pushed ou t  t o  p o i n t  S. Route t h r e e  i l l u s t r a t e s  the  
p o s s i b i l i t y  o f  only  one a c t i v i t y  s a t i s f y i n g  the  c o n s t r a i n t s ,  
so t h a t  X^  cannot  be b rough t  i n .  The ad jus tment w i l l  then n u s h , 
i f  a t  a l l  p o s s i b l e ,  on ly  X up to  th e  boundary a t  p o i n t  M, thus  
i t  d r a s t i c a l l y  cu t s  down the number o f  a t t e m p t s  t h a t  would be 
n e c e s s a r y  to  f i n d  the  optimum.
3.4.5 Inclusion of Secondary Objective Functions
'Hie s i m u l a t i o n  programme pe rm i t s  the  use o f  secondary  
c r i t e r i a  in  s e l e c t i o n  o f  a c t i v i t i e s  and p l a n s .  The p r i n t  ou t  o f  
each s u c c e s s f u l  s o l u t i o n  comprises  the  l e v e l s  o f  th o se  a c t i v i t i e s  
in  the  s o l u t i o n  and the  t o t a l  amount used o f  each r e s o u r c e  ( c f .  a
1 incur  programme where the unused amount o f  r e sou rces  is  normally 
p r i n t e d )  t o g e t h e r  with the  va lue  o f  any secondary  c r i t e r i a .
I n fo rm a t ion  on th e s e  c r i t e r i a  such as d i f f e r e n t  p r i c e  
s i t u a t i o n s ,  r i s k  index o r  v a r i a n c e  o f  p r i c e s  o r  gross  margins,  
i s  made up o f  Q and A c o e f f i c i e n t s  in e x a c t l y  the  same way as 
fo r  o t h e r  c o n s t r a i n t s  - the  only d i f f e r e n c e  i s  t h a t  no 
c o n s t r a i n i n g  maxima o r  minima i s  a t t a c h e d  to the row.
As s e l e c t i o n  o f  a c t i v i t y  and a c t i v i t y  l e v e l  depends upon the 
pr imary c r i t e r i o n ,  the va lue  o f  th e  secondary  c r i t e r i o n  can be 
used f o r  s u b j e c t i v e  d e c i s i o n  p u rp o s e s .  I f  upper  and lower l i m i t s  
a re  p laced  on the  secondary  c r i t e r i o n ,  so t h a t  th e  s o l u t i o n  may 
l i e  w i th i n  t h i s  l i m i t ,  the c r i t e r i o n  becomes an o rd in a ry  
c o n s t r a i n t  and i s  t r e a t e d  a c c o r d in g ly .  A minimum l i m i t  on the  
c r i t e r i o n  a c t s  as a c u t - o f f  d e v i c e ,  d i s c a r d i n g  u n s a t i s f a c t o r y  
answers and co n s eq u en t ly  i n c r e a s i n g  the  speed  o f  p ro d u c t io n  of  
s a t i s f a c t o r y  s o l u t i o n s .
3.4 .6  Other Special  Features of  the Programme
Besides the  unique f e a t u r e s  o f  Monte Carlo S im u la t ion  
programme d i s c u s s e d  above,  t h e r e  a re  s e v e r a l  o t h e r  l o g i c a l  
f e a t u r e s  to  b e n e f i t  and he lp  the farmer  a n d /o r  r e s e a r c h  worker 
in t a k i n g  d e c i s i o n s .  Some o f  t h e s e  s a l i e n t  f e a t u r e s  o f  our  
i n t e r e s t  a re  d i s c u s s e d  he re  i n  b r i e f .
3.4 .6.1  Ac t i v i t y  minima and maxima
Minimum and maximum l e v e l s  can be w r i t t e n  f o r  each a c t i v i t y ,  
so t h a t  th e  a c t i v i t y  may e n t e r  a s o l u t i o n  e i t h e r  a t  zero  l e ve l  
o r  in  between the  p r e s c r i b e d  l i m i t s  ( i n c l u s i v e ) . Miere n e c e s s a r y ,  
i t  a l s o  p e rm i t s  th e  i n c l u s i o n  o f  n e g a t iv e  l i m i t s .
3 . 4 . 6 . 2  Ac t i v i t y  s tep
S e l e c t i o n  o f  l e v e l  co r responds  to  a random s t e p  between 
minimum and maximum l i m i t s  o f  th e  chosen a c t i v i t y .  A s t e p  s i z e  
can be s p e c i f i e d  f o r  each a c t i v i t y  in  the  programme f a c i l i t a t i n g  
d i s c r e t e  a c t i v i t y  l e v e l s  ( e . g .  a s t e p  s i z e  o f  50 l a y in g  b i r d s ) ,  
o r  e l s e  the  s t e p  can be s e t  to zero so as to  give co n t in u o u s ly  
v a r i a b l e  a c t i v i t y  l e v e l s .
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3 . 4 .6 . 3  Act iv i ty  weights
To al low s u b j e c t i v e  cho ice  in  d e c i s i o n  making, a c t i v i t y  
weights  are p ro v id ed  f o r  each a c t i v i t y .  An a c t i v i t y  i s  
s e l e c t e d  randomly,  b u t  accord ing  to  the p r o b a b i l i t i e s  
ex p re s sed  in the form o f  w e ig h t s .  The va lue  z e ro ,  i f  p la ced ,  
w i l l  en su re  t h a t  a c t i v i t y  is  never s e l e c t e d .  O therwise ,  
numbers r e f e r  to  the weights  o f  in d i v id u a l  a c t i v i t i e s  which 
may be p receded  by a p lus  o r  minus s i g n .  Maximum number o f  
a l low ab le  a c t i v i t i e s  in  any one s o l u t i o n  a p p l i e s  only  to  
p o s i t i v e l y  weighted  a c t i v i t i e s  and the e n t ry  o f  those with  
n e g a t iv e  weights  w i l l  con t inue  to t a k e  p lace  u n t i l  i n s u f f i c i e n t  
r e s o u r c e s  a re  l e f t  t o  p e rm i t  the  e n t r y  o f  f u r t h e r  a c t i v i t i e s .
3 . 4 . 6 . 4  Supply a c t i v i t i e s
Those a c t i v i t i e s  which p rov ide  amounts o f  r e s o u rc e s  fo r  
consumption by o t h e r  a c t i v i t i e s  a rc  supply  a c t i v i t i e s  and a r e  
d e t e c t e d  in  a l i n e a r  programme by t h e  p re sence  o f  n e g a t iv e  
c o e f f i c i e n t s  i n  one o r  more o f  t h e i r  d a t a  c e l l s .  Unlike 
l i n e a r  programming,  no account  w i l l  be taken  o f  o p p o r tu n i ty  
c o s t s ,  b u t  those  consuming a c t i v i t i e s ,  r e g a r d l e s s  o f  t h e i r  
w e ig h t in g s ,  wi l l  be t e m p o r a r i l y  exempt from the  problem u n t i l  
h s u f f i c i e n t  amount o f  r e s o u rc e  has been s u p p l i e d .  The random 
s e l e c t i o n  o f  a supply  a c t i v i t y  r e - a d m i t s  such a c t i v i t i e s  so 
t h a t  they a re  once aga in  a v a i l a b l e  f o r  random s e l e c t i o n .
Should more o f  a r e s o u rc e  be s u p p l i e d  than i s  a c t u a l l y  used ,  the 
ad jus tm en t  p ro ces s  w i l l  reduce th e  l e v e l  o f  s upp ly ing  a c t i v i t y  
u n t i l  supply  eq u a l s  consumption,  a l though  th e  e q u a l i t y  may n o t  
be e x a c t  as the  i n t e g e r  s t e p s  o f  each a c t i v i t y  need not  
n e c e s s a r i l y  match.
3 . 4 . 6 . 5  Exclusion
Mutually e x l u s i v e  a c t i v i t i e s  can be e a s i l y  i n c o r p o r a t e d  in  
the  programme, by making use o f  an e x c l u s i o n  row. I f  the  e n t r a n c e  
o f  a c t i v i t y  ' n '  t o  a s o l u t i o n  i s  to  e l i m i n a t e  a c t i v i t i e s  ' p f and 
fq *, then  the  s u b s c r i p t s  ' p '  and fq 1 should  be wri t t e n  under 
a c t i v i t y  *n’ i n  the  e x c l u s i o n  row. The s u b s c r i p t  ' n '  should  
a l s o  be w r i t t e n  under a c t i v i t i e s  ’p '  and *q' in  o rd e r  to  p r e s e rv e  
the mutual  a s p e c t  o f  t h e  e x c l u s i o n .
3 . 4 . 6 . 6  Resource minima and maxima
In p la ce  o f  the normal s i n g l e  c o n s t r a i n t  va lue  as in 
l i n e a r  programming,  a c o n s t r a i n t  minimum and maximum arc  used 
in the  Monte Car lo  programme. S i m i l a r  va lues  f o r  both  minimum 
and maximum l i m i t s  can in th e o ry  be s p e c i f i e d ,  bu t  i n  p r a c t i c e ,  
computer rounding e r r o r s  may make i t  p r e f e r a b l e  to  use a 
minimum va lu e  which is  s l i g h t l y  s m a l l e r  than the  c o r re spond ing  
maximum v a l u e .  Care must be taken  when u s ing  n e a r  e q u a l i t i e s ,  
to s p e c i f y  s t e p  s i z e s  so t h a t  f e a s i b l e  s o l u t i o n s  to  the  
problem do e x i s t .
3.4.6.7 S ta t i s t i c a l  analysis
On comple t ion  o f  the  r e q u i r e d  number o f  s o l u t i o n s ,  the  
va lue  o f  the  primary o b j e c t i v e  i s  used in  a s o r t i n g  p ro ces s  to 
a r range  th e  s o l u t i o n s  i n  ascend ing  o r d e r ,  p r i o r  to  a n a l y s i s  
be ing  c a r r i e d  o u t .  S t a t i s t i c a l  in f o r m a t io n  can be computed 
f o r  any p a r t i c u l a r  group o f  answers depending upon the. i n t e r e s t  - 
perhaps  the  top 10 o r  20 p e r  c e n t .  S t a t i s t i c a l  a n a l y s i s  g ives  
in f o r m a t io n  on the  f requency with  which each a c t i v i t y  appears  
i n  the group,  th e  range  o f  l e v e l s  a t  which i t  a p p e a r s ,  and the  
mean l e v e l , and a runn ing  t o t a l  o f  the  f requency o f  appea rance  
i n  each o f  the  groups .  The r e s u l t s  can be used as a guide 
to the  s t a b i l i t y  o f  the i n d i v i d u a l  a c t i v i t i e s  c i t h e r  i n  terms o f  
f requency  o f  occu r renc e  i n  the  group,  and as an a i d  in  m u l t i ­
s t a g e  programming to  r e f i n e  the  problem.
A l i s t  i s  a l so  p r i n t e d  o f  th e  h i g h e s t ,  lowest  and average  
amounts o f  each r e s o u rc e  used in  any o f  t h e  s o l u t i o n s  which can 
be used e i t h e r  as a check t h a t  boundary  s o l u t i o n s  a re  be ing  
o b ta in e d  o r  to  moni to r  any t r e n d s  i n  the  v a l u e s .
3.4.6.8 Graph plot t ing
The programme makes use o f  th e  computer  l i n e - p r i n t e r  to  
p l o t  graphs o f  any o f  th e  s t o r e d  pa ram ete rs  ( a c t i v i t y  o r  r e s o u rc e  
l e v e l s )  a g a i n s t  the p r im ary  o b j e c t i v e  f o r  the  Y a x i s ,  with  
( i f  r e q u i r e d )  a t h i r d  p a ram ete r  r e p r e s e n t e d  as i s o q u an t  d o t s .
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Ill i s tli i rd v a r i a b l e  t a k es  p la c e  o f  the  Z-ax is  o f  the t h r e e  d imensional  
p l o t .  To p l o t  any graph,  i d e n t i f i c a t i o n  o f  the  column to a c t  as 
Y -a x i s ,  and recommended l i m i t s  fo r  two axes are r e q u i r e d .  I f  t h e s e  
recommended l i m i t s  f a i l  to accommodate the range  o f  e i t h e r  o f  the 
I wo axes ,  now Mini Is wi l l  be coir; I rue* tod wi t h i n  the prog, ramme .
3 . 4 . 6 . 9  Auto- s t eer
Tlic programme i n c o r p o r a t e s  a h e u r i s t i c  s u b - r o u t i n e  which 
i s  des igned  to  c a r r y  out  an i n t e r v a l  (u n p r in t e d )  s t a t i s t i c a l  
a n a l y s i s  o f  the top 30 answers at i n t e r v a l s  dur i ng  the run o f  
the  computa t ion .  New weight  f a c t o r s  a re  c a l c u l a t e d  on the b a s i s  
o f  t h i s  a n a l y s i s ,  and arc used to  r e p l a c e  the weight  f a c t o r s  
c u r r e n t l y  i n  the  programme. I f  ' n '  s o l u t i o n s  arc  r e q u i r e d ,  new 
weights  w i l l  be c a l c u l a t e d  a f t e r  every  60 s o l u t i o n s  o r  every  n/4 
s o l u t i o n s ,  which e v e r  is  g r e a t e r .  In t h i s  way, i t  p e r m i t s ,  at  
the  most ,  fo u r  r e - e v a l u a t i o n s  in a s i n g l e  run .
'Hie a u t o - s t e e r  pa ram ete r  can be s e t  a t  one o f  four  v a l u e s ;  
such as 0,  im p l i e s  no s t e e r i n g ;  1, im p l i e s  c a l c u l a t i o n  o f  new 
weights '  as a s t r a i g h t  copy o f  th e  f requency  s t a t i s t i c  f o r  
a c t i v i t y ;  and 2, im p l i e s  c a l c u l a t i o n  o f  new weight  f a c t o r s  as 
squared  v a lues  o f  the  f r e q u e n c i e s  d iv id ed  by 100 to avoid
3
e x c e s s i v e l y  h igh weights  ; while  -1 ,  r e f e r s  to  no s t e e r i n g  and 
no ad ju s tm en t  i n  each o f  the i n i t i a l  s o l u t i o n s .
3 .4 .7  Operat ion of  the Programme
Upon o p e r a t i o n ,  t h i s  programme g e n e r a t e s  at  random a very  
l a rg e  number o f  s o l u t i o n s ;  each p la n  i s  f e a s i b l e  in  t h a t  i t  f a l l s  
w i t h i n  a l l  the  c o n s t r a i n t s  s e t  upon th e  problem. F u r t h e r ,  each
Lindergen and Car lson  (1966),  working w i th  t h e i r  own model,  
have exper im en ted  w i th  squared  f r e q u e n c i e s  and have found 
t h a t  b e t t e r  s o l u t i o n s  arc  produced more r e a d i l y .
pi mi will be a logical solution in that it will attempt to 
use farm capacity to the full. It would for example, be 
impossible for the programme to generate a plan which hired 
labour, before family labour for productive purposes has been 
exhausted. Ihese conditions imply a departure from a truly 
random procedure by biasing the random selection mechanism 
towards the generation of plans which use the available resources 
efficiently. Reference to the simplified flow-chart will 
indicate the mechanism of the programme (Appendix X).
The probability with which each activity is choosen is 
governed by the Weight Factor Row, and activities are selected 
in ratio to these values. Once a feasible plan is produced, 
its expected profit is calculated from the primary objective 
(first criterion) row, which is Return Over Variable Cost (ROVC) 
in this analysis. A similar procedure is followed subsequently 
to produce a number of feasible plans. Out of all the produced 
feasible plans only a required number of plans arc printed out.
Each plan occupies one row representing activities levels' 
expected ROVC, and the amount of different resources used.
'Hie analytical techniques - Linear Programming and Monte 
Carlo simulation - discussed in the preceding sections of this 
chapter arc employed in this study primarily to explore the 
possibilities of improving resource allocation problems.
However, these techniques are also tested for their complementarity, 
and for efficiency, rationality, and applicability of farm plans.
3.5 The Data
The data used in this study is taken from the 'bench­
mark survey' conducted by the Department of Agricultural Economics., 
G.B. Pant University, Pantnagar, under RAPRAP project to which 
author had an access. The author had also the advantage of
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being  a s s o c i a t e d  with the RAI’RAP p r o j e c t .  Being well acqua i nted 
with the  a r e a ,  the  a u th o r  pu rpose ly  s e l e c t e d  t h i s  a rea  f o r  s tu d y .
'Hie d a t a  used ,  pr im ary  and secondary ,  were c o l l e c t e d  from 
the Rhik iascn  Block in Almora d i s t r i c t .  Sampling des ign  
and methods o f  d a t a  c o l l e c t i o n  involved  a rc  d i s c u s s e d  in the 
f o l 1owing s u b - s e c t  i o n s .
3.5.1 Sampling Techniques
'live types o f  survey s chedu le s  - a block survey schedule  
and a farm and household  survey  schedule  - were des igned  and 
p r e t e s t e d  f o r  the  purpose o f  d a ta  c o l l e c t i o n  in  the  RAPRAP 
p r o j e c t .  f o r  the  block survey  s c h e d u le ,  no sampling  des ign  
was n e c e s s a r y .  But f o r  the  household  su rvey  schedu le  a 
sample o f  100 farmers  was s e l e c t e d  because  o f  a l a r g e  number 
o f  farmers  in  the  b lo c k .
Since  the  b lock  was n o t  homogeneous with  r e s p e c t  to  s o i l  
t y p e ,  e l e v a t i o n  and i r r i g a t i o n  f a c i l i t i e s ,  a s t r a t i f i e d  random 
sampl ing des ign  was used to  s e l e c t  a sample o f  100 fa rm ers ,  
f o r  t h i s  purpose ,  the b lock was s t r a t i f i e d  in to  t h e se  homogeneous 
s u b - a r e a s :
( i )  lower h i l l s  and v a l l e y  a rea s  w i th  a l t i t u d e  v a ry ing  
from 600m. to  1050m;
( i i )  medium h i l l s  with a l t i t u d e  from 1050m. to  1500m; and 
( i i i j  h ig h e r  h i l l s  w i th  a l t i t u d e s  o f  1500m. and above.
Then, from each o f  t h r e e  s u b - a r e a s ,  two to  fo u r  v i l l a g e s  
were s e l e c t e d  randomly in  p r o p o r t i o n  to the  r e l a t i v e  s i z e  o f  
the  s u b - a r e a .  ill us i n  a l l ,  10 v i l l a g e s  were s e l e c t e d ,  fou r
from the  f i r s t ,  fou r  from the  second and two from the  t h i r d  
s u b -a r e  a .
For s e l e c t i o n  o f  a sample o f  f a rm e rs ,  a s imple random 
sampl ing  p rocedure  was used because  the  farmers  appeared  to  be 
homogeneous with  r e s p e c t  to  c r o p - p a t t e r n ,  i n p u t  u s e ,  y i e l d  
r a t e  and o t h e r  c ropp ing  p r a c t i c e s .  F i n a l l y ,  a t e n  p e r  cen t  
sample o f  th e  t o t a l  households  in  each o f  the  s e l e c t e d  v i l l a g e s
was s e l e c t e d  randomly because  o f  t ime and money c o n s t r a i n t s .
In n i l ,  n sample o f  100 farm households  was s e l e c t e d  fo r  
d e t a i l e d  s tu d y .
3.b.2 Techniques of Data Collection
The d a t a  g a t h e r i n g  o p e r a t i o n s  were d iv id e d  in to  two 
p h as es .  Phase I c o n s i s t e d  o f  g a t h e r i n g  in fo rm a t io n  from the  
secondary  sources  l i k e  the  o f f i c i a l  r eco rd s  and r e p o r t s  
a v a i l a b l e  a t  the  b lock  and d i s t r i c t  head q u a r t e r s ,  and o f f i c e s  
o f  o t h e r  a c t i o n  agenc ies  s t a t i o n e d  In the a r e a .
Phase 11 c o n s i s t e d  o f  th e  bulk  o f  i n t e r v i e w i n g  work 
a f t e r  the  survey  team had e s t a b l i s h e d  i t s  r a p p o r t  wi t h the 
people o f  the  a r e a .  'Ibe farm and household  su rvey  schedu le  
was a d m in i s t e r e d  to  the heads o f  the  sample households  to 
c o l l e c t  p r im ary  d a t a  to  make e s t i m a t e s  f o r  the  t o t a l  
p o p u la t i o n  and on v a r i a b l e s  fo r  which e i t h e r  t h e r e  was no 
in fo rm a t io n  a v a i l a b l e  from the secondary  sources  o r  the 
in fo rm a t io n  a v a i l a b l e  was no t  a c c u r a t e  enough f o r  p lann ing  
purposes  .
3 . 5 .3  Time Dimension of  Study
The survey  covered  the  f u l l  a g r i c u l t u r a l  y e a r  o f  1973-74.  
The f i r s t  phase o f  the  survey  was completed in  J a n u a ry -F eb ru a ry  
1974 and the  second phase was completed in  A p r i l - J u n e  1974.
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FORMULATION OF INPUT-OUTPUT MATRIX 
4.1 Genera l  D e s c r i p t i o n
In t h i s  c h a p t e r  the two s y n t h e t i c  s i t u a t i o n s ,  d i s c u s s e d  in 
the l a s t  s e c t i o n s  o f  the  p rev ious  c h a p t e r  r e p r e s e n t i n g  the a rea  
in a g r o - c l i m a t i c  a s p e c t s ,  a rc  used as a model in  fo rm u la t in g  
p l a n s .  On th e s e  two s y n t h e t i c  fa rms,  namely smal l  and l a rg e  
r e p r e s e n t i n g  the  average farming c o n d i t i o n s  i n  both small as 
well  as l a r g e  s i z e  groups ,  a l t e r n a t i v e  a c t i v i t i e s  o f  crop and 
l i v e s t o c k  in  v a r io u s  combinations  can be chosen to  e s t a b l i s h  a 
f e a s i b l e  and p r o f i t a b l e  farm p la n .
The e x i s t i n g  farming systems s e rve  as a v a l u a b le  source  
o f  i n fo rm a t io n  f o r  farm p la n n in g  toward f u r t h e r  improvements,  and 
as a b a s i s  f o r  compar ison.  New technology  t o g e t h e r  w i th  land 
improvement and i r r i g a t i o n  f a c i l i t i e s  w i l l  undoubtedly  open new 
economic o p p o r t u n i t i e s  by i n c r e a s i n g  the  p r o d u c t i v i t y  o f  the  
land and r e d u c i n g  r i s k  and u n c e r t a i n t i e s  o f  y i e l d  and thus  o f  the  
farm income. Consequen t ly ,  the  impact  o f  new f e a s i b l e  and 
p r o f i t a b l e  farming systems s u i t a b l e  f o r  Bh ik iascn  block  needs to 
be i n v e s t i g a t e d .  A genera l  model( i n c l u d i n g  r e l i a b l e  i r r i g a t i o n  
wi th  a w ider  range  o f  c ropp ing  p a t t e r n s  th an  now a p p l i e s ,  i s  used .  
P ro v i s io n  i s  a l s o  made fo r  d i f f e r e n t  r e s o u rc e  s u p p l i e s  than  
c u r r e n t l y  e x i s t  in  o rd e r  to  seek r a t i o n a l  farm p la n s  f o r  the 
h i l l  development.
In the  p r e s e n t  a n a l y s i s ,  the  i n p u t - o u t p u t  m a t r i c e s  used arc 
s i m i l a r  t o  the ones used by the  Department o f  A g r i c u l t u r a l  Economics,  
G.B. Pant  U n i v e r i s t y  o f  A g r i c u l t u r e  $ Technology,  P an tna ga r .
However, some m o d i f i c a t i o n s  have been in t r o d u c e d  in  the  a c t i v i t i e s  
and r e s o u rc e  c o n s t r a i n t s  i n  o r d e r  to  make the  r e s u l t s  more r e a l i s t i c  
and s u i t a b l e  to the  l o c a l  c o n d i t i o n s .  Under e x i s t i n g  te ch n o lo g y ,
the crops grown in the area do not require much labour for 
maintenance purposes. Therefore, only two critical labour 
periods were considered originally, namely summer labour and 
winter labour. But this consideration is less likely to pin 
point the real critical labour period which is vcry important 
from the view point of formulating employment, policies. Therefore, 
to increase the efficiency of plans the two original labour 
constraints have been sub-divided on the basis of the critical 
periods of land preparation, sowing, and harvesting so as to 
estimate both utilized and idle labour in the peak periods.
In fact, an estimation of the idle labour at these times would 
facilitate giving advice to the farm decision makers about the 
possibility of earning some extra income by hiring out services.
In the study area, there are two distinct crop seasons, 
namely, Kharif (rainy) and Rab.i (winter). figure d. 1 showing 
the land preparation, sowing, and harvesting of various food and 
cash crops, in general, under the existing farming system 
demonstrates that there is very little time left after the 
harvesting of one crop for land preparation (which includes 
manuring and sowing) of the next crop. ihc manuring operation 
alone requires much labour and time due to the rugged topography 
of the area. It requires as much labour as land preparation and 
sowing operations together. The concurrence of its timing 
with that of harvesting of standing crop(s) makes it a more 
important operation to be considered while constructing labour 
peak periods. Further, the sowing and transplanting of all the 
Kharif crops and Rabi crops are so close to the harvesting of Rabi 
and Kharif crops respectively that problems of labour management 
are created. Though it is difficult to separate these critical 
time periods from each other, it has been considered reasonable to 
divide the labour constraint into five peak periods. Of these 
five periods, three are for the Kharif season because of higher 
labour pressure (in Kharif all the land is cultivated compared 
with only 50-60 per cent in Rabi) and two for Rabi season, namely, 
April/May/June labour and September/October labour.
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In t h i s  s tu d y ,  no t  only  i s  the e x i s t i n g  farming system 
s tu d i e d  b u t  a l s o  the  proposed farming system wi th  improved 
t e chno logy  and i r r i g a t i o n  f a c i l i t i e s .  I t  i s  n e c e s s a r y  to take  
i n t o  account  the  income g e n e r a t i o n  b e s id e s  the  sea s o n a l  l abour  
needs and in framing the gene ra l  c ropp ing  p a t t e r n  o f  the whole 
farm o p e r a t i o n .  In f a c t ,  i f  the  farming system i s  s imply 
double c ropp ing  the  two h a r v e s t s  w i l l  be the only  source  o f  
farm income. However, most e x p e n d i tu r e s  on farm o p e r a t i o n s  
as w el l  as those  on e s s e n t i a l  fami ly  consumption a re  made 
o u t s i d e  the  p e r io d s  in which farm income is  r e c e i v e d .  To cover  
t h i s  gap in  income g e n e r a t i o n ,  crops such as Capsicum, Tomatoes,  
French beans ,  Peas ,  have been in c lu d e d  in t o  th e  system. In 
a d d i t i o n ,  new l i v e s t o c k  e n t e r p r i s e s ,  c r o s s b r e d  cows and p o u l t ry  
have been in t r o d u c e d .  I n c l u s i o n  o f  t h e s e  e n t e r p r i s e s  shou ld  
a l s o  f a c i l i t a t e  the  repayment o f  any deb ts  and loa ns .
Under improved te ch n o lo g y ,  with  the i n t r o d u c t i o n  o f  cash  
c ro p s ,  h igh  y i e l d i n g  v a r i e t i e s  (HYV) and l i v e s t o c k  e n t e r p r i s e ,  
the  l a bou r  management problem becomes much more im p o r ta n t  because  
a l l  t h e s e  a c t i v i t i e s  r e q u i r e  s u b s t a n t i a l l y  i n c r e a s e d  amounts o f  
l a b o u r  in the  p roduc t ion  p r o c e s s .  The o ld  c l a s s i f i c a t i o n  o f  peak 
l a bou r  p e r io d s  (under  e x i s t i n g  technology)  wi l l  no longer  be 
a p p r o p r i a t e  because  o f  d i f f e r e n t  sowing and h a r v e s t i n g  p e r io d s  
(F igu res  4 .2  fT 4 . 3 ) .  From the  f i g u r e s  i t  appears  t h a t  the se  
peak p e r io d s  are no t  very  d i f f e r e n t  exce p t  t h a t  they  have s h i f t e d  
forward  by one month. These peak p e r i o d s ,  t h e r e f o r e ,  have been 
d i f f e r e n t i a t e d  and q u a n t i f i e d  as l a bou r  r e s t r i c t i o n s  in  the  case 
o f  improved farming sys tems .
4.2 Resources and Activities
4.2.1 Resource Supplies and Constraints
Land, l a b o u r  and c a p i t a l  a re  the  main i n p u t s  fo r  crops  and 
l i v e s t o c k  p ro d u c t io n .  C o n s t r a i n t s  on the  use o f  r e s o u rc e s  and 
i n c l u s i o n  o f  a c t i v i t i e s  may be t e c h n i c a l ,  economic,  s o c i a l  or  
i n s t i t u t i o n a l .  C o n s t r a i n t  l e v e l s  a rc  assumed to be at  l e v e l s  
c o n s i s t e n t  wi th op t imal  o r g a n i z a t i o n  o f  the  r e s p e c t i v e  s y n t h e t i c
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farm s i z e s .  Based on the in f o r m a t io n  d i s c u s s e d  in  Chapters  3 
and 4 o f  the  Repor t^ ,  model r e s o u rc e  and a c t i v i t y  c o n s t r a i n t s  
f o r  bo th  the farm s i z e s  under both the  t e c h n o lo g ie s  appea r  in  
Table 4 . 1 .  Minimum and maximum a r e a  r e s t r i c t i o n s  fo r  
a c t i v i t i e s  e i t h e r  show the  r ev ea led  p r e f e r e n c e s  o f  the  farmers 
in  the s tudy  a r e a  f o r  c e r t a i n  crops  o r  imply t e c h n i c a l  a n d /o r  
economic ( c . g .  m arke t ing ,  e t c . )  problems which cannot  he e a s i l y  
s p e c i f i e d  as c o n s t r a i n t s  on a s i n g l e  farm.
We now t u r n  t o  a b r i e f  d e s c r i p t i o n  o f  a l l  the  r e s o u rc e  
s u p p l i e s  and a c t i v i t i e s  a t  the  ’b a s e '  and the ' im proved '  s i t u a t i o n  
f o r  both th e  s y n t h e t i c  farm s i z e s .
4.2.1.1 Land resource r es t r i c t ion
For the  ease  o f  a n a l y s i s  and a c c e p t a b i l i t y  o f  t h e se  p l a n s ,  
l o c a l  land measurement (Nali )  i s  used in  the  p r e s e n t  a n a l y s i s .
'Jhc average  farm s i z e ,  measured in  Nal i s  (20 N a l i s  = 1 acre  and 
SO N a l i s  = I h n ) , i s  about  I S . 7 N a l i s  f o r  a small farm ( s y n t h e t i c  
s i t u a t i o n  I) and about  61.8 N ali s  f o r  a l a rg e  farm ( s y n t h e t i c  
s i t u a t i o n  I I ) .  The o p e r a t i o n a l  land h o ld in g  s i z e  in  the 
r e f e r e n c e  p e r io d  was c o n s id e re d  as a b in d in g  c o n s t r a i n t .
As land in  t h i s  a rea  i s  t o t a l l y  owned by the fa rm ers ,  t h e r e  i s  
l i t t l e  p o s s i b i l i t y  o f  i n c r e a s i n g  t h e  a rea  o f  o p e r a t i o n  by way 
o f  pu rchase  o r  l e a s e .  Under the e x i s t i n g  l e v e l  o f  t e chno logy  
land  i s  c l a s s i f i e d  i n t o  two c a t e g o r i e s ,  i n  each o f  the  two crop 
s e a s o n s :  K h a r i f  s ea son :  1) Paddy land ;  2) o t h e r  land and Rabi 
season :  (1) Wheat land ;  2) o t h e r  l a n d .  The land a l l o c a t e d  f o r  the  
c u l t i v a t i o n  o f  paddy and wheat i s  n o t  s p e c i a l  b u t  i t  changes y e a r  
by y e a r  depending upon the  crop r o t a t i o n  the  farmer  i s  fo l l o w in g .  
There i s  no p r o v i s i o n  f o r  i r r i g a t e d  la nd  under  e x i s t i n g  techno logy ;  
i n  the  p lans  hav ing  improved techno logy  i r r i g a b l e  land was
re c o rd e d  s e p a r a t e l y  in  the  model.  The land  kep t  under  i r r i g a t i o n  
i s  a very  small  p e r c e n ta g e  o f  the  t o t a l  farm land  because  i t  
would n o t  be t e c h n i c a l l y  p o s s i b l e  to  b r i n g  a major p o r t i o n  o f  land  
under  i r r i g a t i o n  i n  the  s h o r t - r u n .  This l i m i t e d  i r r i g a t e d  land 
r e s t r i c t s  the  c u l t i v a t i o n  o f  newly i n t r o d u c e d  c ro p s ,  r e q u i r i n g  
i r r i g a t i o n ,  under  both  the  farm s i t u a t i o n s .
Dept, o f  A gr ic .  Economics (1976):  Rural Area Development.
G.B.  Pant  Univ.  o f  A g r i c u l t u r e  $ Technology,  P an tnagar ,  
N a i n i t a l ,  U. P. ,  I n d i a ,  Chapters  3 5 4.
TABU7. 4 . 1
EQUATIONS AND CONSTRAINTS l;OR MATRICES
D e s c r i p t i o n  ;mcl E,(|un- E x i s t i n g  Techno 1 ogy fni|>roved Techno 1 ogy
u n i t  t i o n  Small  Large Small  Large
o f  measurement  Sign  fa rm  fa rm  Farm Farm
LAND: ( i n  N a l i s )
K h a r i f  Paddy Land < 7 .18 28 .27 - -
K h a r i f  O t h e r  Land < 8 .5 3 33.54 - -
Rabi Wheat Land < 7.18 28.27 - -
Rabi O t h e r  Land < 8 .5 3 33.54 - -
K h a r i f  I r r i g a b l e  Land < - - 1 .50 4 . 0 0




Rabi I r r i g a b l e  Land < - - 1 .5 0 4 . 0 0
Rabi U n i r r i g a b l e  Land < - - 14.21 57 .81
HUMAN LABOUR: ( in  Man Mrs .)  
A p r i l  Labour  < 623 76 7
May Labour < 62 3 767 623 767
June  Labour < 623 76 7 6 23 76 7
.July Labour < - - 623 767
Sep tem ber  Labour < 615 761 - -
O c to b e r  Labour < 616 762 615 761
November Labour < - - 616 762
CASH AVAILABILITY: ( i n  
K h a r i f  Cash (owned)
Rs .)
< 7 0 .0 0 27 5 .0 0 70 .0 0 2 7 5 .0 0
Rabi Cash (owned) < 8 4 .0 0 3 2 6 .0 0 84 .00 326 .00
ACTIVITIES CONSTRAINTS: 
Summer P o t a t o e s  
( I r r i g . )
: ( a r e a  i n  N a l i s )  
<
0 .5 0 1.00
Summer P o t a t o e s  
( U n i r r i g .)
<
2 .0 0 5 . 0 0 2 .00 8 .0 0
Rabi  P o t a t o e s  
( U n i r r i g .)
<
2 .0 0 5 .00 1 .00 2 . 0 0
Capsicum < - - 0 .5 0 1 .00
Tomatoes < - - 0 . 5 0 1 .00
French  beans < - - 1 .0 0 2 .0 0
Oats < - - 0 . 5 0 1 .00
Soybeans < - - 0 .5 0 1 .00
No. o f  B u f f a l o  
( l o c a l  b r e e d )
<
1 1 1 1
No. o f  C ow s( loc a l  
b r e e d )
<
1 1 _ _
No. o f  C r o s s - b r e d  Cows < - - 1 1
No. o f  P o u l t r y  U n i t s < - - 2 2
Mandua + Bhat > 1 .0 0 1 .0 0 - -
Mandua + Gauhat > 1 .0 0 1 .00 - -
Mandua > - - 5 .00 2 0 .0 0
Paddy + .Jhungra > - - 3 .0 0 14.00
Peas > - - 0 .5 0 1 .0 0
Rabi  Fa l low > 7 .00 28 .00 5 . 0 0 23.-00
Wheat + Lahi > 1 . 0 0 1 .00
Note:  I r r i g .  I n d i c a t e s  I r r i g a b l e  l a n d .
U n i r r i g .  I n d i c a t e s  U n i r r i g a b l e  l a n d .
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4.2.1.2 Human labour supply and 
r es t r i c t ions
In th e  c u r r e n t  s i t u a t i o n  a lmost  a l l  t h e  a g r i c u l t u r a l  
o p e r a t i o n s  were c a r r i e d  out  by fam i ly  labour  with  the  he lp  
o f  l o c a l l y  made t o o l s  and implements o p e ra t e d  manually or  
by bu l lock  (a p a i r )  power. Almost every  family owned a 
p a i r  o f  b u l l o c k s  i r r e s p e c t i v e  o f  t h e  s i z e  o f  t h e i r  h o ld in g .
Bullocks  a re  p a r t i c u l a r l y  s u i t e d  to  the f i e l d  c o n d i t i o n s  o f  
th e  h i l l s ,  t h e r e f o r e  i t  i s  not  c o n s id e r e d  t h a t  b u l lo ck  power 
r e p r e s e n t s  a t e c h n i c a l  c o n s t r a i n t  to the farm b u s i n e s s .
However, human labou r  a v a i l a b i l i t y  docs become c r i t i c a l  du r ing  
peak p e r io d s  .
Depending upon the  amount o f  labour  a v a i l a b i l i t y  and 
r eq u i re m en ts  du r ing  the  p e r io d s  o f  manuring,  land p r e p a r a t i o n ,  
sowing,  t r a n s p l a n t i n g  and h a r v e s t i n g ,  f iv e  peak p e r io d s  were 
c o n s id e re d  under  e x i s t i n g  t e c h n o l o g i c a l  c o n d i t i o n s .  ihc  peak 
p e r io d s  are  in  A p r i l ,  May, June ,  September and October .  In case  
o f  improved t e c h n o l o g i c a l  c o n d i t i o n s  t h e r e  a re  a l s o  f i v e  peak 
p e r io d s  a l though  they  a re  r a t h e r  d i f f e r e n t ,  f o r  example,  Ju ly  
i n s t e a d  o f  A p r i l ,  and November i n s t e a d  o f  September.
For c a l c u l a t i n g  la b o u r  a v a i l a b i l i t y  d u r in g  th e s e  p e r i o d s , t h e
2
average  o f  the  fami ly  farm labour  was c o n s id e re d .
4.2.1.3 Cash supply and res t r i c t i on
T r a d i t i o n a l  farming does no t  r e q u i r e  much cash .  As th e  
involvement o f  farms in the  market economy in c r e a s e s  and more 
and more p u rchased  in p u t s  ( s e e d s ,  f e r t i l i z e r s ,  p e s t i c i d e s  and 
the  l i k e )  a re  used ,  the  cash requ i re m en t  fo r  farm e x p e n d i tu r e  r i s e s .
To c a l c u l a t e  a v a i l a b i l i t y  o f  l a b o u r  fo rce  d u r ing  a p a r t i c u l a r  
p e r io d  ( i n  man u n i t s ) , on the  farm, an a r b i t r a r y  assumpt ion 
o f  w e ig h t in g  human l a b o u r  was made on the  b a s i s  o f  i n fo rm a t io n  
on the  a v a i l a b i l i t y ,  t ime devoted  to  a g r i c u l t u r a l  o p e r a t i o n s  
and r e l a t i v e  p r o d u c t i v i t y  s t a t i n g  3 female workers  to  be 
equal  to  2 men and 2 c h i l d r e n  above 12 y ea rs  o f  age ,  
e q u i v a l e n t  t o  one man.
This will be the ease in the study area when improved technology 
is adopted after the necessary facilities of credit and 
input availability, marketing and irrigation water, etc., arc 
made available.
Personal sources of finance such as farm cash income and 
income from off-farm sources, and money borrowed from outside 
sources like relatives, friends, money lenders, etc., form the cash 
supply for farm operations. In the present situation where most 
farmers’ standard of living is a bare minimum, cash farm income 
is very small and farming operations are carried out in the 
traditional ways with minimal cash expenditure. Under 
existing technology, generally, farmers do not require loans, 
etc., but with the introduction of new technology their credit 
needs will increase because of increased amounts of purchased 
inputs.
Currently, the credit institutions functioning in the 
study area provide credit for farm purposes at a highly- subsidized 
interest rate i.e. at 8 and 16 per cent per annum. Small farmers 
with an operational holding of less than 30 Nalis (0.6ha) arc 
given credit at 8 per cent while those with more than 30 Nalis 
(0.6ha and above) are charged 16 per cent per annum. In determining 
the quantity of credit to be made available to the farmer, holding 
size was the major consideration for the credit institutions.
On this criterion up to Rs. 50 and Rs. 150 respectively was made 
available for the two farm sizes. This maximum limit on credit, 
given the small amounts of cash in hand, acts as a clear restriction 
on the adoption of new technology.
In this analysis no attempt is made to consider capital
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transfer from one period to another.
In the subsistence economy of hill region there is a little 
or no scope for capital transfer from one period to another 
period. As the major sources of cash income, sales of 
Chillies, Potatoes, L.S. products and hiring out human 
labour, generate only a limited cash which is not even 
sufficient enough to meet agricultural as well as family 
expenses .
4.2.1.4 Crop area r es t r i c t i ons
There a rc  some t e c h n i c a l ,  soc io -economic  and s u b je c t iv e  
c o n t r a i n t s  on the se  farms t h a t  a re  co n s id e re d  here  in  framing 
th e s e  r e s t r i c t i o n s .  As farming in  the  a rea  i s  t y p i c a l l y  a t  
s u b s i s t e n c e  l e v e l ,  the f i r s t  c o n s i d e r a t i o n  for  the farmers is 
to  grow minimum family food r e q u i r e m e n t s .  Second, consumer 
p r e f e r e n c e s  o f  the  farmers in the  s tudy  a r e a  r e q u i r e  an area  
t o  be kep t  under  the  crops  l i k e  Mandua with Bhat , Mandua w i th  
Gauhat ,  and wheat w ith  Lahi i n  bo th  the  c a s e s .  The reason  f o r  
em phasiz ing  the m i l l e t ,  Mandua, c u l t i v a t i o n  is tha t  people  l i k e  
to  consume m i l l e t  in w i n t e r  o ve r  r i c e  because  in  the  p e o p l e ' s  
mind Paddy ( r i c e )  has a co ld  co n n o ta t io n  whereas m i l l e t ,  a 
s u b s t i t u t e  f o r  r i c e ,  has a warmer c o n n o t a t i o n .  With the  
improved farm p la n s  some o f  t h e s e  crop combinat ions  a re  r e p l a c e d  
by o t h e r  h igh y i e l d i n g  and p r o f i t a b l e  a l t e r n a t i v e s ,  bu t  to  f u l f i l
4
fami ly  food needs minimum acreage  r e s t r i c t i o n s  are p la ced  on 
Mandua and Paddy c rops .  A p red e te rm in ed  minimum le v e l  o f  a new 
c ro p ,  Peas ,  i s  a l s o  s p e c i f i e d  though i t  i s  no t  as p r o f i t a b l e  as 
o t h e r  crops  grown i n  the  season .  I t  was g iven impor tance  owing 
to  the  f a c t  t h a t  i t  p ro v id e s  con t inuous  income once the  pods arc 
t h e r e ,  b e s id e s  i t  may a l s o  improve th e  q u a l i t y  o f  the l o c a l  d i e t  
i f  consumed.
keep ing in  mind land  a v a i l a b i l i t y  (Paddy o r  Wheat, i r r i g a t e d  
o r  u n i . r r ig a t e d )  , maximum a r e a  l i m i t s  a rc  a l s o  a s s ig n e d  to  crops 
l i k e  C h i l l i e s ,  P o t a t o ,  and o t h e r  cash crops in both cases  under  
both t e c h n o l o g i e s .  In a d d i t i o n ,  maximum a re a s  o f  some crops 
are s p e c i f i e d  to  al low o t h e r  a c t i v i t i e s  to come i n t o  optimal p l a n s .  
L ives tock  e n t e r p r i s e s  which r e q u i r e  more c a p i t a l  and labour  a re  
a l s o  r e s t r i c t e d  with  maximum number l i m i t s  in o r d e r  to  make p lans  
manageable and e f f e c t i v e .
Maximum l e v e l s  o f  a c t i v i t i e s  (c rops  o r  l i v e s t o c k )  s e t  by 
m arke t ing  problems a re  no t  s p e c i f i e d ,  owing to  i n s u f f i c i e n t  d a t a  
on the  n a t u r e  o f  t h a t  demand.
These minimum crop acreages  were f ixed  on the lias is o f  t o t a l  
annual g r a in  r equ i rem en ts  and the  p ro p o r t i o n  o f  d i f f e r e n t  
food g r a in s  i n  the  usua l  d i e t  o f  an average  fami ly  o f  4.S 
persons  in  the h i l l  r e g io n .
4 . 2 .2  A l t e rna t i ve  A c t i v i t i e s
Based on the a v a i l a b l e  in fo rm at ion  g a th e red  from t h i s  sample 
and the  fo re g o in g  d i s c u s s io n  o f  th e  farms,  20 a c t i v i t i e s  are 
i n c lu d e d  in  t h i s  m a t r ix  r e p r e s e n t i n g  the  e x i s t i n g  s i t u a t i o n  and 
a maximum o f  27 a c t i v i t i e s  come in to  the t e c h n o l o g i c a l l y  improved 
s i t u a t i o n  o (' which 5 arc l abou r  h i r i n g  a c t i v i t i e s  and 2 cash 
borrowing a c t i v i t i e s .  Main crops  inc luded  were Paddy, Maiulua, 
C h i l l i e s ,  Wheat and P o ta to  f a l l  loca l  v a r i e t i e s )  in combination  
wi th  Jhungra ,  L a h i , L e n t i l ,  Bhat ,  Gauhat and Urd .
Under the  improved t e c h n o l o g i c a l  c o n d i t i o n s ,  l i v e s t o c k  
p r o d u c t io n  i s  i n t r o d u c e d  through a c t i v i t i e s  such as r e a r i n g  o f  
lo c a l  b reed  b u f f a l o ,  c r o s s - b r e d  cows, and p o u l t r y  u n i t s  (1 p o u l t r y  
u n i t  = 50 b i r d s ) ,  i n  a d d i t i o n  to  the  h igh  y i e l d i n g  and improved 
v a r i e t i e s  o f  Paddy, Soybean,  French bean ,  Capsicum, C h i l l i e s ,
P o ta t o ,  Tomato, Wheat and Pea and l o c a l  Paddy v a r i e t i e s  wi th 
Jhung ra ,  Mandua with  Urd. The i n c l u s i o n  o f  l o c a l  crops  in the 
improved p la n  r e f l e c t s  the  s t r o n g  c o n d i t i o n a l  t a s t e  p r e f e r e n c e s  
and consumption needs o f  the  lo c a l  p e o p l e .  The i n c l u s i o n  o f  
l i v e s t o c k  a c t i v i t i e s  r e q u i r e s  p r o v i s i o n  o f  good fodder  du r ing  
w i n t e r  when g ra s s  i s  no t  a v a i l a b l e ,  t h e r e f o r e  a fodder  c rop ,  o a t s ,  
i s  a l s o  i n c lu d e d .  iTicrc were many o t h e r  p o s s i b l e  a l t e r n a t i v e  
a c t i v i t i e s  o r  combinations  o f  a c t i v i t i e s  t h a t  could be in c lu d e d  
in  the  p l a n s ,  bu t  those  i n c lu d e d  were c o n s id e re d  to  be the  most 
p rom is ing  and f e a s i b l e  fo r  the p r e s e n t  a n a l y s i s .
4.3 Var iable Costs ,  Returns and Input-Output  Coef f i c i en t s
In the  p r e s e n t  a n a l y s i s ,  v a r i a b l e  c o s t s  a rc  c a l c u l a t e d
r a t h e r  than  t o t a l  p ro d u c t io n  c o s t s  in  o r d e r  to  compute r e t u r n s
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o ver  v a r i a b l e  c o s t s  o r  t o t a l  gross  marg ins .  These v a r i a b l e
c o s t s  a re  broken down i n  the  fo l l o w in g :  i n t e r e s t  on p ro d u c t io n  loa n ,  
h i r e d  l a b o u r ,  f e r t i l i z e r ,  s eed ,  and o t h e r  crop expenses .  Then 
r e t u r n s  (Gross Margins) were c a l c u l a t e d  u s in g  the  fo l low ing  formula :
In the  s h o r t - r u n  i t  i s  assumed t h a t  f i x e d  co s t s  a rc  c o n s t a n t ,  
t h e r e f o r e ,  in t h i s  a n a l y s i s  only  v a r i a b l e  c o s t s  were 
c o n s id e re d .
( f o r  a 1 1 t  a n cl j )
(>8 .
where
' t j GRt j
- VC
t j
R . = Actual  r e t u r n s  ove r  v a r i a b l e  c o s t s  i . e .  Gross 
t j
margin fo r  y e a r  t  and crop j
Gross r e tu r n  (va lue  o f  the produce) to r  y e a r  t 
and crop j
VC^j= V a r ia b l e  c o s t  for  y e a r  t and crop j
(In t h i s  s tudy ’ t '  i s  1973-1974 pe r iod )
f ix e d  c o s t s  l i k e ,  land r e n t ,  e t c . ,  arc not  s u b t r a c t e d  
from the g ross  revenue s in c e  they do no t  a f f e c t  s h o r t - r u n  p ro d u c t io n  
d e c i s i o n s .  'Ihcse gross  margins (CM) computed on a pe r  Nal i 
( lo c a l  a rea  measurement) b a s i s  a rc  used to  cover  f ixed  c o s t s .
Once the  optimal s o l u t i o n  i s  o b t a i n e d ,  f ix e d  c o s t s  can be 
deducted  to  ge t  n e t  r e t u r n s  from the farmer fo r  h i s  l abou r  and 
management.
f o r  a c t i v i t i e s  l i k e  l a b o u r  h i r i n g  and cash borrowing,  
average d a i l y  wages p e r  hour  and h a l f  y e a r l y  i n t e r e s t  r a t e s  arc
co n s id e re d  as the c o s t s  in  C. row.
J
To fo rm ula te  t e c h n o l o g i c a l  m a t r i c e s ,  i n p u t - o u t p u t  c o e f f i c i e n t s  
f o r  d i f f e r e n t  s y n t h e t i c  farm s i t u a t i o n s  a re  used .  They are  the  
average  r e q u i re m en ts  o f  v a r io u s  l i m i t i n g  i n p u t s  on a p e r  N ali  b a s i s  
fo r  d i f f e r e n t  a c t i v i t i e s .  Table 4.2 enumerates  i n p u t - o u t p u t  
c o e f f i c i e n t s  and the  gross  margin (GM's) f o r  a l l  the a c t i v i t i e s  
i n c lu d e d  in  both  th e  t e c h n o lo g ie s  f o r  both  farm s i t u a t i o n s .
For a p a r a m e t r i c  programming a n a l y s i s ,  v a r i a t i o n s  are 
a s c r i b e d  to th o s e  r e s o u rc e  s u p p l i e s  t h a t  a rc  found to  be b in d in g  
i n  d i f f e r e n t  op timal p l a n s .
4.4 Variations in Monte Carlo Matrices6
The Monte Car lo  m a t r ix  appea rs  to  be s i m i l a r  to  the s implex  
t a b l e  in  LP, and i t  can w i th o u t  l a r g e  changes be used as such .
f o r  d e t a i l s  to  s e t  up Monte Car lo  Matrix  see S.C.  'Ihompson, 
(1970) : 'A U se rs ' Manual f o r  Monte Carlo Program m ing',
Dept,  o f  A g r i c . ,  Univ. o f  Reading,  Reading^United  Kingdom.
To use Monte Carlo simulation programming, a sub-matrix was 
constructed for each of the farm sizes under different 
technologies besides the main input-output matrix. This sub­
matrix was constructed with the help of information given in 
Table 4.1. It allows us to include information on minimum and 
maximum levels of activities, on activity step levels to 
demonstrate whether the activity level increases or decreases 
continuously or in a discrete manner, and on weightage or the 
importance to be given initially to each activity. Other 
provisions are also present and such as for mutually exclusive 
activities etc., which are not made use of.
'Hie main matrix is also modified. In the case of the linear
programming matrix only available resource levels (maximums)
were given but with the Monte Carlo programming resource minima
are also used to improve the efficiency of the programme.
Thus, if the minimum and maximum resource levels are kept the
same^use of a particular resource is maximized though this docs
not mean that net revenue (TGM in our case) is also maximized.
Unlike in linear programming where the C^ row is considered as
the objective row, in Monte Carlo matrix the main objective
function is assumed to be the first constraint row which is
7followed by other resource constraints. The data displayed in 
the matrix represents, therefore, a more complete and realistic 
set of constraints and coefficients than it would be possible 
to build into a linear programme.
The other important provision made in the main matrix, but 
not utilized in this analysis, is the option for set-up 
(establishment) costs or fixed costs. In fact, in the hill region, 
land is not charged by the State Revenue Department for the 
operational holdings less than 2 hectares (100 Nalis) otherwise 
it could have been included in the matrix as 1 q ’ coefficient 
showing fixed cost.
As an illustration a matrix used in LP for small farms 
(plan Al) - (Appendix XIII) is transformed into Monte 
Carlo matrix (Appendix XIV).
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IOTA I, CROSS MARGIN ( TOM) AND INPUT 011 I IM I I (Till I I CI IN IS 01 Oil IT HINT ACTTVITTIS
A c t i v i t i es TOM a Input  Output  C o e f f i c i e n t s It
to*. 1 Ilniii.in Labour (Man hour ' ) Cash ( lls . )
( Rs . )' \ p r i  1 May dune duly Sept Or 1 Nov- kiia i i 1 Rai» i
ember obe r cmhc r
Paddy (1 oca  1 ) 2 1 . ( )() . 5 . 0 2 . 5 4 . 5 - (. .0 4 . 0 - ■ 2 . 0 0 -
21 .2f> 0 . 79 -
I’addv i . Ihungra . 1 1 2 . 0 0
2«.  01 5 . 0 3.5 5 . 5 8 . 0 5 .5 - 0 . 79 -
Mandua * Bhat 37 . 66 0 . 84 -
S3. SB - (. .0 (. . 0 - - 1 3. 0 - 0.  .30
Mandua + Urd 4 4 . 05 0 . 84 -
40 . 69 - 0 . 0 6 . 0 - - 1 .3.0 - 0 . 3 0 -
Mandua > (lauhat 27 . So 0.84 -
23.44 - () .0 8 . 0 - 13. 0 - 0 . 3 0
Chi 1 l i e s 0 2 . 0 0 0 . 1 0
82 . 22 4 . 0 7 . 0 9 . 0 - 5 .0 7.5 - 0. 38
Summer P o t a t o e s  ( U n i n i . ) 71 . 70 2 7 . 0 2 . 0 4 .0 - - - - 1 . 50
1 . 8 0
Rahi P o t a t o e s  ( U n i n i . ) ” 1 . 70 - - - - 7 . 0 2 0 . 0 - - 1 . 50
Wheat ( l o c a l ) 10. 89 2. 58
1S . 05 10.5 - - 4 .5 10.5 - 0 . 93
Wheat * B a r l e y 23. 39 2 . 58
22. 44 12.5 - - - 4 . 5 12.5 - 0 . 9 3
Wheat + Lahi 27 . 19 2 . 58
25 .50 14.5 - - - 4 . 5 11.5 - 0 . 9 3
Wheat + l e n t i l 28. 42 2 . 58
26 . 70 14 .5 - - - 4 . 5 11.5 - 0 . 9 3
Paddy,  I . R . - 2 4 100. 20 - 3 0 . 0 2 0 . 0 24 .0 - 30. 6 - 15 . 00 -
Paddy,  Bala 60 . 74 - 2 6 . 0 2 0 . 0 20. 0 - 30.6 - 13 . 00 -
Caps i cum 127.14 - - 46 .0 10.5 - 2 . 0 4 . 0 31 . 86 -
Soybean 76 .64 - - 3 . 3 - - 2 . 0 4 . 0 1 1.36 _
Tomatoes 143.65 - 2 8 . 0 4 . 0 1 2 . 0 - 1 . 0 1 . 0 2 2 . 5 0 -
French beans 192. 78 _ .30.0 1 5 . 0 2 . 0 1 . 0 1 .0 29 . 87
Summer P o t a t o e s  ( i r r i g . ) 2 0 5 . 8 0 - 32. 0 1 4 . 0 1 0 . 0 - - - 87 .23 -
Rahi P o t a t o e s  ( i r r i g . ) 2 05 . 80 - - - 15 .0 29 . 0 - 87 . 23
Wheat (IIYV) 10 .50 - 1 8 . 8 " 13. 3 25. 4 - 17 . 00
Peas 9 8 . 0 0 - - - - 15 . 0 2 2 . 0 - 14.14
Oat s  ( f o d de r ) 0 3.42 I - - 6 .0 1 2 . 0 - 26 . 58
Mi lch Cow ( l o c a l  b r e e d ) HH . m ! 1 7 . 0 17 . 0 17. 0 1 7 .0 17 . 0
Mi lch B u f f a l o  ( l o c a l  b r e e d ) 50.3. (X) ! 2 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 - -
Mi lch C r o s s - b r e d  Cow 8 0 0 . 00 i 20 . 0 2 0 . 0 . 2 0 . 0 2 0 . 0 2 0 . 0 1 8 0 . 0 1 8 0 . 0
Pool t r y  lin i t s c 1450 . 00 10 . 0 10. 0 10 . 0 10. 0 10 . 0 7 6 0 . 0 760 . 0
Summer P o t a t o e s  ( r a i n f e d ) 7 2 . 8 0 1 2 7 . 0 8 . 0 - - 79 . 8 -
Rabi P o t a t o e s  ( r a i n f e d ) 72. 80 - - - - 10 . 0 .30.0 - 79.8
C h i l l i e s  ( improved) 38 3 . 60 - .30.0 15. 0 10. 0 - 2 . 0 4 . 0 .34 .2 -
Labour  h i r i n g  (Rs . /man hour ) 0.71 - - - - - - i - -
Cash b o r r o wi n g  ( r a t e  o f 0.01 - - - - - - - -
i n t  c re  s t ) 0 . 0 8 - - - - 1 -
Paddy ( l o c a l )  + . Jhungra
( improved) 29. 4  1 - 3 . 8 5 . 5 2 . 0 - 1 .3.5 - 2 . 0 -
Mandua ♦ Urd ( improved) 4 0 . 09 - f. . 0 6 . 0 2 . 0 - - j 1.3.0 0 . 5  7 -
Upper  v a l u e s  r e f e r  t o  t he  s mal l  farm s i z e  anti l ower  v a l u e s  t o  t h e  l a r g e  farm s i r e .
F i g u r e s  f o r  c as h  r e q u i r e m e n t s  r e p r e s e n t  o n l y  t he  cas h  e xp en s es  i n c u r r e d  on the  p u r c h a s e  i n p u t s  l i k e  
s e e d ,  f e r t i l i z e r ,  e t c .
Income and cash  needs  a r e  t h e  d i s c o u n t  v a l u e s  p e r  y e a r .
4.5 A l t e r na t i ve  Plans
Using the i n fo rm a t io n  d i s c u s s e d  above,  d i f f e r e n t  p lans  
a rc  fo rm ula ted  under  d i f f e r e n t  t e c h n o lo g ie s  in  each o f  the  
s y n t h e t i c  farm s i t u a t i o n s  as fo l lows:
A l t e r n a t i v e  Plan 1 This p lan  i s  developed to  examine the  
p o t e n t i a l  fo r  i n c r e a s i n g  farm income 
wi th e x i s t i n g  crops only  under the 
assumption  t h a t  the farmer has to 
op t im ise  the  use o f  h i s  own e x i s t i n g  
r e s o u r c e s .
A l t e r n a t i v e  Plan 2 Under t h i s  s i t u a t i o n  i t  i s  assumed t h a t  
the farmer may l i ke  t o  keep milch b u f f a l o  
an d /o r  cow ( l o c a l )  in  a d d i t i o n  to  the 
ab o v e .
A l t e r n a t i v e  Plan 3 i h i s  p lan  i s  deve loped  wi th improved crops 
and a s e t  o f  p red e te rm in ed  a c t i v i t i e s ,  
to  examine the  impact o f  new technology  
on the  optimum c ropp ing  p a t t e r n  (IIYV food 
and cash crops  are  in c lu d ed )  and income 
with  the e x i s t i n g  l e v e l  o f  cash ( in  hand) 
and l i m i t e d  c r e d i t .
A l t e r n a t i v e  Plan 4 This p lan  i s  fo rm ula ted  as f o r  Plan 3 with  
the  e x c e p t io n  t h a t  an u n l im i t e d  c r e d i t  
f a c i l i t y  i s  a v a i l a b l e  to  the fa rm er .
A l t e r n a t i v e  Plan  5 I h i s  p la n  i s  a l s o  l i ke  P lan  3 excep t  
t h a t  two l i v e s t o c k  a c t i v i t i e s  a re  a l s o  
i n c l u d e d .
A l t e r n a t i v e  Plan 6 'Ihis p la n  i s  s i m i l a r  to  the  Plan 5 with  
a p r o v i s i o n  o f  u n l i m i t e d  c r e d i t  
a v a i l a b i l i t y .
A l t e r n a t i v e  Plan 7 i h i s  plan i n c lu d e s  a l l  the improved crops 
with  a maximum o f  two p o u l t r y  u n i t s  and 
u n l i m i t e d  c r e d i t  f a c i l i t i e s  so as to  
see th e  optimum c ropp ing  p a t t e r n  and 
farm income.
In the  above p la ns  the  te rm l i m i t e d  c r e d i t  r e f e r s  to  the
maximum amount o f  loan t h a t  can be given  by f i n a n c in g  i n s t i t u t i o n s  
in  t h a t  a r e a  to  a farmer  b e long ing  to  any o f  the  two s i t u a t i o n s  
under  s tu d y .  The p r e s c r i b e d  l i m i t  f o r  loans to th e se  two 
c a t e g o r i e s  o f  farmers  a re  R s . 50 .0  and Rs . 150.0 f o r  small  and 
l a rg e  farmers  r e s p e c t i v e l y .  While fo rm u la t in g  th e se  a l t e r n a t i v e  
p la ns  the  terms ' u n l i m i t e d  c r e d i t  a v a i l a b i l i t y '  i s  a l s o  used
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though i t  is  a p p r e c i a t e d  t h a t  such c o n d i t i o n s  arc not  found in 
p r a c t i c e .  E s s e n t i a l l y  the  Plans 4, 6 ,  7, and 8 a re  fo rm u la ted  
f o r  p o l i c y  pu rp o s es .  They show the  maximum c r e d i t  needs o f  a 
farmer  in  a dop t ing  a p a r t i c u l a r  te chno logy .  A c t i v i t i e s  l i k e  
p o u l t r y  keeping  and m a in ta in in g  c r o s s - b r e d  cows are'  h igh ly  
c a p i t a l  i n t e n s i v e  and are not  f e a s i b l e  with the e x i s t i n g  l e v e l s  
o f  cash (owned and c r e d i t )  a v a i l a b l e  to the farmer.  These p lans  
may a l s o  he lp  in  e s t i m a t i o n  o f  t o t a l  c r e d i t  requ i rem en t  by the 
b lo c k ,  d i s t r i c t  o r  h i l l  r eg ion  fo r  the  adopt ion  o f  new 
techno 1ogy .
4.6 Limitations
The da ta  used in  t h i s  s tudy  arc taken  from the 'Bench-Mark'  
su rvey  conducted  by the  Department o f  A g r i c u l t u r a l  Economics,
G.B. Pant  U n i v e r i s t y ,  Pan tnagar  i n  1973-1974. ihey  do no t  take 
in t o  account  the changes t h a t  might  have ta ken  p la c e  in the p r i c e s  
o f  in p u t s  and p r o d u c t s ,  farming system,  market c o n d i t i o n s ,  e t c . ,  
s i n c e  t h a t  y e a r .  ' I h e r e fo re ,  th e se  p lans  need f u r t h e r  changes 
and re f in e m e n t s  in  the  f u t u r e  to  account  f o r  such v a r i a t i o n s  
as have o c c u r re d .
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C H A P T E R  5
E C O N O M I C  A N A L Y S I S  O F  O P T I M U M  FA RM PLANS
'lliis chapter is devoted to the economic evaluation of various 
optimal solutions obtained by applying linear programming to the 
models discussed in the preceding chapter. All the optimum 
solutions (farm plans) for small and large farms viewed in 
relation to farm income, activity (crop and livestock) combinations 
and resource use arc evaluated for their feasibility and 
superiority.
Finally, shadow prices for different activities and resources 
are also considered and an attempt is made to further improve 
the plans using parametric programming. Based on the shadow 
prices generated as a result of primal solutions, some of the major 
binding constraints like irrigated land and cash borrowing capacity, 
are relaxed to investigate the effects on cropping pattern, farm 
incomes and on resource productivity.
The evaluations of these optimal plans under small and large 
farm conditions arc given separately below.
5.1 Op ti mal R e s o u r c e s  A l l o c a t i o n  on Small Farms
Before we start discussion of alternative resource use plans, 
a brief discussion of existing agriculture is required. Under 
present conditions mainly two systems are being followed by the 
small farmers in the study area, namely, crop farming and mixed 
farming as discussed below.
Crop Farming (Aoo): Under existing conditions only local varieties
of crops are grown in the area which are poor from the view point 
of yields and nutrition. As Table 5.1 shows, twelve different crop 
activities had been under-taken on the small farm in year 1973-1974. 
Farmers in the area, as discussed in Chapter 2, have a tendency to 
leave quite a considerable area as fallow in the Rabi season.
For small farms this accounted for about 34 per cent of the total 
cropped area. Paddy and Mandua, two major Kharif crops, together, 
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Chillies, the main Kharif cash crop accounted for only about 2 per 
cent of the total cropped area.
In Rabi season, Wheat is the only major food crop accounting 
for about 38 per cent of the total cropped area. A major Rabi 
cash crop, Potato, accounted only lor one per cent of the total 
cropped area.
Mixed Panning System (Ao): This system is exactly similar to the crop
farming system (Aoo) except that one local milch cow and, on average,
.37 unit of buffalo are included which increased the farm income 
by 29 per cent from Rs. 065 (of Aoo) to Rs. 938.
Under the existing farming conditions resources like labour, and 
capital, as well as land are not fully used resulting iitun Lowenopp i ng 
intensity.^ Therefore, it suggests a further need for reorganization 
of resources to improve farm conditions.
A1 - Optimum Crop Plan with Existing Technology: To explore
possibilities of increasing farm income through simple reallocation of 
land among different crop activities at existing levels of technology, 
an optimal plan was worked out through simple reallocation of land 
resources among different crop activities at existing level of technology. 
Under this plan land allocated to the main Kharif crops, like Paddy 
amd Mandua, showed a slight increase by about 5 per cent while the area 
under major Rabi crop, Wheat, declined by about 19 per cent. In case 
of cash crops, there were significant increases in the areas allocated 
to chillies and potatoes of about 300 and 512 per cent respectively 
when compared with the existing system (Aoo or Ao) . 0vcra.ll 
cropping intensity was thereby raised approximately 6 per cent..
A2 - Optimum Crop and Livestock Plan under lixisting Technology: ibis
alternative was not found significantly different to A1. The salient 
feature of this plan is the inclusion of a milch cow and a buffalo 
in addition to existing crop activity which shows no impact whatsoever
1 Cropping Intensity (C.I.) was computed as follows:
Total Cultivated Area Per Annum X 100C.I . Net Cultivable Area
over  the  farm system hut  d id  p rov ide  f o r  an in c re a s e  in the
a l l o c a t i o n  o f  b u f f a l o  p e r  farm by about  170 p e r  c e n t .  T h e re fo re ,
t h i s  im p l ie s  t h a t  smal l  farmers in  the  a rea  can e a s i l y  manage to
keep milch animals w i thou t  having  an adverse  e f f e c t  on the  farming 
2
sy s tem ."  In a d d i t i o n  to the supplement to farm income, these  
l i v e s t o c k  e n t e r p r i s e s  a l s o  p rov ide  farm yard manure and fuel  fo r  
home consumption.
A3 - Optimum Crop Plan  with Improved Technology and Limit ed C r e d i t : 
With the  i n t r o d u c t i o n  o f  IIYV o r  improved v a r i e t i e s  o f  crops  a l re a d y  
t r i e d  in  th e  a r e a  t h i s  p lan  worked out  under the  l i m i t e d  cash 
borrowing f a c i l i t i e s ,  i . e .  Rs . 5 0 / -  p e r  s eason .  This cropping  
p a t t e r n  showed a marked improvement over  the p r e v a i l i n g  crop system 
in  the  a r e a  (Table 5 . 1 ) .  Under t h i s  p lan  the  newly in t ro d u c e d  
crops  l i k e  Soybean and Frcnchbeans d i s p l a y e d  r e l a t i v e l y  l e s s  
p r o f i t a b i l i t y  than  l o c a l  v a r i e t y  o f  Paddy and improved Paddy 
(Bala)  c ro p s .  Paddy ( l o c a l  v a r i e t y )  wi th Jhungra ,  g ives  a low 
gross  margin,  bu t  i t  i s  fo rced  to remain in the  p lan  because o f  lo c a l  
consumption r e q u i r e m e n t s .  Area under l o c a l  Paddy i s  reduced from 
7.18 N a l i s  in A2 to  3 Nali s  in t h i s  p la n  while  Mandua a rea  i s  
i n c r e a s e d  by 34 p e r  c e n t .  The lo c a l  Wheat crop i s  r e p la c e d  by 
11YV Wheat but  t h e r e  i s  a d e c l in e  in  i t s  a r e a  o f  8 p e r  c e n t .
C h i l l i e s  c u l t i v a t i o n  in c r e a s e d  from .5 Nal i s  to  1 .0  N a l i s .  Of t h e s e  
i n t r o d u c e d  c ro p s ,  Tomatoes occupied  about  2 p e r  cen t  o f  t o t a l  
cropped a r e a .  Peas emerged as a major  cash crop in Rabi season 
in  t h e  absence o f  P o t a t o e s .  In f a c t ,  a l l  the  most c a p i t a l  i n t e n s i v e  
crops  have been exc luded  from the p la n  due to  l i m i t e d  a v a i l a b i l i t y  
o f  c r e d i t  and farm cash r e s o u r c e s .  This  in  t u r n ,  i s  r e f l e c t e d  
from the  c ropp ing  i n t e n s i t y  which d e c l in e d  from 155.5 ( f o r  A2) to 
151.7 l e a v in g  a p a r t  o f  v a lu a b le  land u n c u l t i v a t e d .
Lives tock  arc  no t  s t a l l - f e d  bu t  grazed  on h i l l  s lo p e s  under  
the  s u p e r v i s i o n  o f  fami ly  members, p a r t i c u l a r l y  females 
and c h i l d r e n  w hi le  they  c o l l e c t  f i rewood e t c ,  from the 
nearby  f o r e s t .
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A4 - Optimum Crop Plan with Improved Technology and Unlimited Credit: 
Though it seems unrealistic and unbelievable to assume a small 
farmer (as under study) can borrow any amount, an attempt was made 
to estimate the maximum credit needs and assuming its availability 
to measure the impact on the cropping pattern.
ibis plan mainly consists of improved high yielding 
varieties of crops. Bala, a Paddy 11YV accounted for 8 per cent of 
the total cropped area. Most of the area under this crop was 
diverted from under local Mandua crop. The area under Mandua 
was reduced by 44 per cent which was reallocated to Soybeans and 
Bala Paddy. hike alternative A3, this plan also led to an 
allocation of about 8 per cent of total cropped area to French beans. 
Rabi potatoes, a newly introduced capital intensive cash crop 
accounted for about 19 per cent of the total cropped area. Having 
greater profit potcntial.it caused a 29 per cent reduction of Wheat 
acreage. Utilizing the total land available in a most efficient 
manner, this plan yielded a cropping intensity of 168.17 which is 
10 per cent, more than that of alternative plan A3.
A5 - Optimum Crop and Livestock Plan with Improved Technology and 
Limited Credit Facility: This alternative is quite similar to plan A3.
Inclusion of an improved breed of cows raised the cash requirements 
to more than the total amount of cash available to the farmer even 
if he availed himself of maximum credit facilities from the 
financial institutions. Therefore it left no choice other than the 
cropping patterns followed in plan A3 together with the introduction 
of a local breed buffalo, which does not require cash expenditures. 
Thus, cash restrictions acted upon in two ways - first, to exclude 
the high yielding improved cow from the plan and, second,to 
reduce cropping intensity by 10 per cent as compared to plan A4.
A6 - Optimum Crop and Livestock Plan with Improved Technology and 
Unlimited Credit Availability: Alternative A5 became much more
attractive when the cash restriction (on borrowing) was removed. 
Distributions of land under different activities was the same as 
under plan A4. The difference between this plan (A6) and plan A4 
was the inclusion of a unit of cow (cross-bred), together with unit
7 8 .
o f  lo c a l  b u f f a l o  as in p lan  AS. ' Ibis p lan  a t t a i n e d  a maximum 
p o s s i b l e  c ropp ing  i n t e n s i t y  o f  168.17 p e r  cen t  g iven th e  v a r io u s  
c o n s t r a i n t s .
A7 - Optimum Crop and P ou l t ry  Plan wi t h Improved Technology and 
U nlim ited  C r e d i t :  'llvis p lan  was fo rm ula ted  keep ing  in mind th e
p o s s i b i l i t y  o f  a farmer  who may not  wish to  keep l i v e s t o c k  even i f  
u n l i m i t e d  c r e d i t  was p ro v id e d .  I t  was not  p o s s i b l e  to t r y  t h i s  
p l a n  with  cash r e s t r i c t i o n  because  o f  the  f e a r  t h a t  be ing  a h ig h l y  
c a p i t a l  i n t e n s i v e  a c t i v i t y ,  p o u l t r y  would not  come in the  p lan  a t  
a l l  as i t s  cash requ i rem en ts  were about  double the  amount o f  
cash a v a i l a b l e  to  the  farmer in  each season .
This p la n  fo l lowed the  same c ropp ing  p a t t e r n  as p lan  A6.
Under t h i s  p l a n ,  a new bu t  most p rom is ing  a c t i v i t y ,  i . e . ,  two u n i t s  
(o f  50 b i r d s  each) o f  p o u l t r y  was i n t r o d u c e d  to  boos t  the  farm 
income.
A8 - Optimum Crop, L ives tock  and P o u l t r y  Plan with  I mproved Technology 
and U nl im i ted  C r e d i t : This p lan  was p r e p a re d  to  i n v e s t i g a t e  the
maximum income a t t a i n a b l e  th rough i n c l u s i o n  o f  two o f  the  most 
p r o f i t a b l e  e n t e r p r i s e s  in the  p lan  under  the  assumption o f  u n l i m i t e d  
c r e d i t  and t h e  maximum cash req u i re m en t  to  a t t a i n  t h i s  farm p la n .
Table 5 .1  r e v e a l s  t h e r e  was no change in  the  cropp ing  p a t t e r n  as 
compared to  p la ns  A4, A6 and A7, bu t  one u n i t  o f  lo c a l  b u f f a l o ,  
one u n i t  o f  c r o s s - b r e d  cow and two u n i t s  o f  p o u l t r y  were in c lu d ed  
in  the  p l a n ,  thus  i t  i s  a combination  o f  the  e n t e r p r i s e  combinat ions  
o f  p la n s  A6 and A7.
A f t e r  hav ing  d i s c u s s e d  the  c ropp ing  p a t t e r n  under e x i s t i n g  
and new a l t e r n a t i v e  r e s o u rc e  use p l a n s ,  an economic e v a l u a t i o n  
o f  t h e s e  p lans  i s  made on the  fo l lo w in g  c r i t e r i a :
1. T o ta l  Gross Margin (TGM)
2. Resource u t i l i z a t i o n
3. Food g r a in  p ro d u c t i o n
4.  Requirements f o r  cash i n p u t s  l i k e  f e r t i l i z e r s  and 
seeds  (HYV)
5.  Shadow p r i c e s
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Total Gross Margin (TGM): Tabic 5.2 presents data on Total Gross
Margin (TGM) under existing and improved technology, per cent 
increase or decrease in TGM under different plans over the 
existing crop farming, and mixed farming systems.
The average annual TGM on small farms amounted to RS. 665 
which increased to RS. 938 under mixed farming condition showing 
a contribution of 50 per cent from the addition of livestock to 
the farm income. Under plan A1, TGM increased by 37 per cent, 
simply by reallocating land under different crops, over the 
existing cropping pattern (Aoo). But TGM was 3 per cent less than 
that of existing mixed farming systems. With the inclusion of 
local livestock, TGM of plan A2 increased from Rs. 912 to Rs. 1500 
showing an increase of 64 per cent over plan A1 and 125 per cent 
and 60 per cent over plan Aoo and Ao respectively.
With the introduction of improved technology in the form 
of different improved and IIYV of crops and improved practices, 
a substantial increase was observed in the subsequent plans over 
the plans formulated under existing technological conditions.
Table 5.2 indicated an increase in TGM of plan A3 by 170 per cent 
over the existing cropping pattern. This could be increased by 
233 per cent by providing unlimited cash borrowing facilities 
(plan A4). When livestock activities were introduced in plan A5 
and A6 under limited and unlimited cash borrowing facilities, TGM 
increased by 245 and 145 to 426 and 273 per cent over existing 
crop farming system (Aoo) and mixed farming systems (Ao) respectively. 
TGM indicate a further increase by 651 and 433 per cent over Aoo 
and Ao systems respectively, when livestock activities were 
replaced by two units of poultry activities. In the final plan 
formulated, taking into consideration both livestock and poultry 
enterprises TGM increased up to 844 and 569 per cent by comparison 
with the returns from existing crop and mixed farming systems.
Resource Utilization: This section discusses the various degrees
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Land,which i s  th e  most, im por tan t  r e s o u r c e ,  i s  u t i l i z e d  
com ple te ly  even under  the  e x i s t i n g  farming systems though about  33 
p e r  cen t  o f  t o t a l  cropped  a re a  was l e f t  in  f a l l o w .  When the  
e x i s t i n g  s i t u a t i o n  was o p t im is e d  (p lans  A l , A2) fa l low a re a  dropped 
by f> p e r  cen t  o f  the t o t a l  cropped a r e a .  In the  p lans  with 
l i m i t e d  cash borrowing i t  amounted t o  21 p e r  cen t  and in  o t h e r  
p la n s  to  only  19 p e r  c e n t  o f  the  cropped a r e a .
A l l o c a t i o n  o f  land under  food and cash crop a l s o  v a r i e d  
in  the  p lans  acc o rd in g  to  the techno logy  and cash a v a i l a b i l i t y ,  
r an g in g  from 94 p e r  c e n t  to 83 pe r  cen t  and 4 pe r  cent  to 14 p e r  cen t  
o f  the  cropped a r e a  under  e x i s t i n g  te chnology  fo r  food and cash 
c rops  r e s p e c t i v e l y .  Area under  food crops as a p e r c e n ta g e  o f  
t o t a l  cropped a r e a  d ec re ase d  f u r t h e r  under  improved technology  
from 79 to 64 when cash r e s t r i c t i o n s  were removed w h i le ,  a r e a  under  
cash crops  i n c r e a s e d  from 21 p e r  c e n t  to  32 p e r  cen t  o f  t o t a l  
cropped a rea  with  the  r e l a x a t i o n  o f  cash c o n s t r a i n t s .
R e s u l t s  show t h a t  even d u r ing  the peak p e r i o d s ,  human labour  
i s  in  excess  supp ly  (Table 5 . 3 ) .  Under e x i s t i n g  techno logy ,  even 
in  the peak p e r io d s  o f  A pr i l  and October ,  l a b o u r  force  was u t i l i z e d  
only  to  the e x t e n t  o f  27 p e r  cen t  and 44 p e r  cen t  o f  th e  a v a i l a b l e  
man h ou rs .  While under  improved t e chno logy ,  u t i l i z a t i o n  was g r e a t e r  
b u t  no t  to  the e x t e n t  e x p ec ted  as a r e s u l t  o f  i n t r o d u c i n g  labou r  
i n t e n s i v e  c ro p s ,  l i k e  P o t a t o e s ,  HYV o f  Paddy,  e t c .  Thus a 
maximum o f  60 p e r  c e n t  o f  t o t a l  labour  a v a i l a b i l i t y ,  on an average ,  
i s  used in  the month o f  November which i s  fo l lowed  by May and 
October  l a b o u r  with  51 and 39 p e r  c e n t  r e s p e c t i v e l y .  Thus it. 
su g g e s t s  some f u r t h e r  improvements and i n n o v a t io n s  in  the  a g r i c u l t u r e  
system are  needed to  c r e a t e  more o p p o r t u n i t i e s  f o r  employment o f  the 
working fo rce  o f  the  a r e a .  i h e s e  new improvements may be in  the  
form o f  o rc h a rd  r a i s i n g  and a f r u i t  and v e g e t a b l e  p r o c e s s i n g  c e n t r e .
E x i s t i n g  crop and l i v e s t o c k  a c t i v i t i e s  r e q u i r e  meagre cash 
expenses ,  t h e r e f o r e  even farm cash r e s o u r c e s  a re  no t  u t i l i z e d  
f u l l y .  Table 5 .3  shows t h a t  cash req u i re m en ts  f o r  p lans  A1 and 
A2 were s i m i l a r  amounting only to 28 and 25 p e r  cent, o f  t o t a l  cash 
u t i l i z a t i o n  in K h a r i f  and Rabi season r e s p e c t i v e l y .  T h e re fo re ,  
t h e r e  was no need to  borrow from o u t s i d e .  But as soon as more 
and more improved and h igh  y i e l d i n g  a c t i v i t i e s  were i n c lu d e d  
in  the  p lans  under  improved tech n o lo g y ,  borrowed cash req u i re m en ts
a f t e r  u t i l i z i n g  owned cash a l s o  in c re a s e d  c o n s id e ra b ly  as a 
r e s u l t  o f  th e se  new c a p i t a l  i n t e n s i v e  a c t i v i t i e s .  I t  was 
observed  t h a t  in  the  p la n s  with  u n l i m i t e d  cash borrowing the 
borrowed cash was 5 to  39 t imes  the  borrowed cash p rov ided  in  the 
p la n s  with l i m i t e d  cash bor row ings .  Another i n t e r e s t i n g  f ind ing  
is  t h a t  much more was borrowed for  Rabi than for  K h a r i f  season .  
rlhc annual c r e d i t  needs p e r  Nal i o f  cropped a rea  i n c r e a s e d  from 
Rs. 4 when bor rowing was r e s t r i c t e d  (A3) t o  R s . 148 in  the  p lan  
wi th  improved c ro p s ,  l i v e s t o c k  and p o u l t r y  e n t e r p r i s e s .  This  
c l e a r l y  dem ons t ra tes  the e x t e n t  o f  i n c re a s e d  c r e d i t  needs with  
improvement in the  a g r i c u l t u r e  in  the  a r e a .
Tota l  P roduc t ion  o f  D i f f e r e n t  C ro p s : This  c r i t e r i o n  o f  e v a l u a t i o n
has s p e c i a l  impor tance  in  s u b s i s t e n c e  a g r i c u l t u r e  l i k e  in  the 
s tudy  a r e a .  Farmers arc mainly i n t e r e s t e d  in  f u l f i l l i n g  t h e i r  
food requ i re m en ts  from t h e i r  own land  because  food g r a in s  a re  
n o t  e a s i l y  a v a i l a b l e  and even i f  they  a r e ,  farmers do no t  have 
cash to  buy them. T o ta l  p r o d u c t io n  o f  d i f f e r e n t  crops  computed 
under  d i f f e r e n t  p la n s  i s  shown in  Table 5 . 4 .  As the  t a b l e  shows 
t h e r e  arc only  t h r e e  d i f f e r e n t  p ro d u c t io n  p a t t e r n s  because  p lans  
A1 and A2, A3 and A5, and A4, A6, A7 and A8 a re  a l i k e .  Food 
g r a i n  p ro d u c t io n  was l a r g e s t  (5.64 Qts)  under  p la ns  A3 and A5.
This i s  fo l lowed by A4, A6, A7 and A8 p l a n s .  When the e x i s t i n g  
s i t u a t i o n  was o p t im is e d  food g r a in  p ro d u c t io n  dropped from 4.22 Qts 
to  4 . 0 0  Qts because  o f  the  s h i f t  o f  a re a  from food to  cash c ro p s .
Requ irem en ts  o f  Cash In p u t s :  Under e x i s t i n g  t e c h n o l o g i c a l
c o n d i t i o n s  farmers u s u a l l y  do not  pu rchase  cash i n p u t s  and use 
home-produced seeds  and farm yard  manure i n s t e a d  o f  improved seeds  
and f e r t i l i z e r .  T h e r e f o re ,  p la ns  A1 and A2 were exc luded  from 
Tables  5 .5  and 5 . 6 .  These req u i re m en ts  for  improved seeds  and 
f e r t i l i z e r s  were c a l c u l a t e d  on the b a s i s  o f  in fo rm a t io n  o b ta in e d  
from the  f i e l d  t r i a l s  and d em ons t r a t ions  conducted  by Departments 
o f  Agronomy and H o r t i c u l t u r e ,  G.B. Pant  U n i v e r s i t y ,  and IGADA.
As i t  i s  e v i d e n t  from Tables  5.1 and 5.4 only two types  o f  c ropp ing  
p a t t e r n s  a rc  be ing  fol lowed  in  a l l  t h e  s i x  p la ns  made under 
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of fertilizers as well as of seeds increased with the increased
3
availability of credit. For example, NPK requirement was only 
12.0, 12.55 and 15.75 kgs for plan A3 but were raised to 21.1,
22.39 and 25.82 kgs for plan A5.
Shadow Prices: Shadow prices associated with different linear
programming plans arc shown in Table 5.7; these are of two types:
(i) each scarce resource has a value imputed to it, indicating 
the amount by which TOM would rise if one more unit of the resource 
was made available. This is referred to as the "Marginal Value 
Product "(MVP), and indicates its strategic value in the optimal farm
p 1 an.
(ii) the shadow price of any activity excluded from the optimal 
plan is also computed and indicates the "marginal opportunity cost" 
(MOC) of this activity relative to the plan, i.e. the amount by which 
the TGM from the optimal plan would decrease if one unit, of this 
activity is forced into the plan. An alternative interpretation of 
the MOC is that it shows the increase necessary in the net revenue
of the excluded activity in order to bring this into the optimal 
plan .
The dual role of LP will now be apparent: an optimal plan 
is computed for given resource supplies and product prices, and 
the sensitivity of the optimal plan to change in these parameters is 
measured by the shadow prices which are interpreted as follows.
Land, both irrigated and unirrigated,is scarce in all the 
plans except for two cases, plans A3 and A5, where Rabi unirrigated 
land is surplus as indicated by 'O' MVP. Positive MVP's indicate 
Kharif and Rabi 'other lands' are 50 per cent and 152 per cent more 
profitable than Paddy and Wheat lands under existing technology.
While MVP figures for improved technology show Kharif and Rabi
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i r r i g a t e d  lands w i l l  add 2 to 4 .5  t imes  the  c o n t r i b u t i o n s  
o f  the  u n i r r i g a t e d  lands t o  the  TGM i n  the two seasons  under 
u n l i m i t e d  caslr c o n d i t i o n s .  But in  p l a n s  A3 and A5 MVPs 
o f  K h a r i f  u n i r r i g a t e d  and Rabi i r r i g a t e d  land are  42.2 and 59 .3  
i n d i c a t i n g  the  p o s s i b l e  i n c r e a s e  in  TGM p e r  Nali  o f  a d d i t i o n a l  
land.  While the  MVP f o r  K h a r i f  i r r i g a t e d  land shows t h a t  i t  adds 
37 p e r  c e n t  more to  the  TGM with  an a d d i t i o n a l  Nali land made 
a v a i l a b l e  under  p la n  A5 than  t h a t  o f  p lan  A3.
Under a l l  the  a l t e r n a t i v e  p l a n s ,  MVP va lue  f o r  human la bour  
was zero i n d i c a t i n g  a s u r p l u s  o f  fami ly  labour .  In p la n s  A1 and
A2, fo rm u la ted  under  e i x s t i n g  te ch n o lo g y ,  MVP f o r  cash was zero 
because  o f  s u r p l u s  a v a i l a b i l i t y .  In p la n s  A3 and A5 K h a r i f  
cash and Rabi cash ,  both  became s c a r c e  farm r e s o u r c e s ,  however 
in  the  LP m a t r ix  t h e i r  supp ly  was i n c r e a s e d  i n t r o d u c i n g  borrowing 
cash from o u t s i d e .  This  borrowing i s  a l s o  l i m i t e d  in  th e se  p l a n s .  
MVP's o f  K h a r i f  and Rabi cash are 3 .30  and 2.74 showing the 
amount by which TGM can be i n c r e a s e d  by borrowing one a d d i t i o n a l  
r u p e e .  The c r e d i t  borrowing a c t i v i t i e s  i n t r o d u c e d  to  i n c r e a s e  
the  working c a p i t a l  only  up to  a l i m i t e d  e x t e n t  had the  MVP's o f  
3.26 and 2 .7  which were lower only by the  amount equal  to  r a t e  
o f  i n t e r e s t  o r  c o s t  o f  borrowing c a s h ,  i . e .  4 p e r  c e n t .  In a l l  
o t h e r  p la ns  c r e d i t  was u n l i m i t e d  t h e r e f o r e  i t s  MVP was zero bu t  
MVP v a lu es  f o r  cash s u p p l i e s  were equa l  to  the  i n t e r e s t  r a t e  a t  
which c r e d i t  i s  made a v a i l a b l e .
MOC’ s o f  s u b -o p t im a l  a c t i v i t i e s  h e a v i ly  depend on the  a b o v e -  
mentioned r e s o u rc e  v a l u e s .  As given i n  Table 5 . 7 ,  4 crops were 
exc luded  from the  op timal p la n s  under e x i s t i n g  techno logy ,  namely,  
lo c a l  Paddy, S. P o ta to  ( u n i r r i g . ) ,  l o c a l  Wheat and Wheat + Bar ley  
i n d i c a t i n g ,  f o r  example,  l o c a l  Paddy can be in c lu d e d  in  the op timal 
p l a n  i f  i t s  r e t u r n s  i n c r e a s e  by Rs . 6.75 p e r  Nali  by way o f  h i g h e r  
y i e l d s ,  e t c .  S i m i l a r l y ,  under  improved t e chno logy ,  i t  appears  
t h a t  among a l l  the  crops  exc luded  from the  d i f f e r e n t  op t im a l  p l a n s ,  
p o t a t o e s  a re  the  most u n fa v o u ra b le  crops r e q u i r i n g  an i n c r e a s e  
from Rs. 36 t o  232 in  the  TGM p e r  Nali  b e fo re  they could  be in c lu d e d  
in  the  op t im al  p l a n s .  The only l i v e s t o c k  a c t i v i t y  exc luded  
from p la n  A5 had a MOC o f  Rs . 286 i n d i c a t i n g  a d e c l in e  in  TGM i f
9 0 .
the one u n i t  o f  c r o s s - b r e d  cow i s  inc luded  in  the p lan  ( in  
t h i s  i s  n o t  because the  cow i s  a poor  p roduce r  bu t  the  cash 
a v a i l a b i l i t y  i s  very  l i m i t e d  and th e  a c t i v i t y  r e q u i r e s  a huge 
sum o f  money). Other  a c t i v i t i e s  exc luded  from the  op timal 
p lans  are  la bour  h i r i n g  and cash borrowing whose MOO values  are 
equa l  to the  wage and i n t e r e s t  r a t e s  r e s p e c t i v e l y  which means 
a d d i t i o n a l  h i r i n g  o f  l abour  or  borrowing o f  cash  w i l l  n o t  add 
to the  p ro d u c t io n  b u t  w i l l  reduce the  TGM by the  amount equal  
to  i t s  ch a rg e s .
The i m p l i c a t i o n s  o f  shadow -pr ice  in fo rm a t io n  to p la n n in g  
on the  small farms a re  summarised as fo l lo w s .  The h igh  MVP o f  
i r r i g a t e d  land  i n d i c a t e d  the h igh p r o f i t a b i l i t y  o f  b r i n g i n g  
more a r e a  under i r r i g a t i o n .  (But o f  course  the  farmer w i l l  no t  
be ab le  to b r in g  marg ina l  u n i t s  o f  land under i r r i g a t i o n  wi th 
the same f l e x i b i l i t y  t h a t  i s  p o s s i b l e  to vary working c a p i t a l  
and l a b o u r . )  Apar t  from land ,  the  farm plan is  r e l a t i v e l y  
s t a b l e .  The computed va lues  o f  a c q u i r i n g  cash show c lose  
e q u i l i b r i u m s  with  t h a t  o f  market p r i c e s  and the  h igh  MOC's o f  
exc luded  a c t i v i t i e s  i n d i c a t e  t h a t  the  computed p lans  are 
r e l a t i v e l y  i n s e n s i t i v e  to  changing t e c h n o lo g ic a l  and market 
c o n d i t i o n s .
5.2 Optimal Resource Allocation on Large Farms
As d i s c u s s e d  in  the  c o n t e x t  o f  small  fa rms,  in  the p rev io u s  
s e c t i o n ,  l a rge  s i z e  farms a rc  not  b e t t e r  o f f  in  terms o f  type 
and q u a l i t y  o f  c rops  and l i v e s t o c k .  The fo l lo w in g  i s  a b r i e f  
d i s c r i p t  ion o f  two t y p i c a l  farming systems fo l lowed  by l a rge  
s i z e  farmers in  the  s tudy  a r e a  (see Table 8 ) .
Aoo - E x i s t i n g Crop Farming Sys tem s : This p la n  in c lu d e d  t h i r t e e n  crop
a c t i v i t i e s  a t  d i f f e r e n t  l e v e l s  and a more common and im por tan t  
a c t i v i t y  o f  Rabi f a l l o w .  This fa l low  a lone  accoun ted  f o r  about  
37 p e r  cen t  o f  t o t a l  cropped  a r e a .  The o t h e r  im p o r tan t  crop grown 
in  o r d e r  o f  p e r c e n ta g e  t o  t o t a l  cropped a r e a  were Wheat, Mandua 
and Paddy which are o f  course  grown i n  c o n ju n c t io n  with  o t h e r  
m i l l e t s  and legume c ro p s .  Among the  cash c ro p s ,  C h i l l i e s ,  grown 
in  K h a r i f  accounted  f o r  1 .7  p e r  cen t  and P o t a t o ,  a Rabi c rop ,
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only for 0.24 per cent of total cropped area. In percentage terms, 
crops like Wheat, Chillies and Potatoes occupied area less than on 
small farms though in absolute terms it was much larger.
Ao - I.xisting Mixed farming System: Under this plan, besides
taking different crops, farmers also maintained local breed of
4milch cow and buffalo. On an average, sample showed .5 and 
.9 of milch cow and buffaloes were maintained on large size farms. 
These activities besides fulfilling family needs, also provide an 
opportunity to earn cash income from sale of milk and milk 
products. On these farms, livestock products contributed about 
32 per cent of total farm income.
As observed on the small size farms, substantial resources 
of labour and capital are left unused on large size farms.
One objective in the plan discussed below was to obtain fuller 
utilization of these resources.
A1 - Optimal Crop Plan Under Existing Technology: In order to
maximise returns under existing technology, existing cropping 
pattern was changed by reallocating the farm land under different 
crops. Absolute area under Paddy remained almost unchanged and 
declined only by 0.6 per cent as compared to the existing 
cropping pattern. Mandua intercropped with Urd got preference and 
occupied about 27.3 per cent of the cropped area. But the total 
area under Mandua decreased by 4 per cent. The plan showed a 
marked increase in the Chillies area, 220 per cent over the existing 
cropping patterns. Wheat acreage declined by about 7 per cent 
indicating a preference for wheat intercropped with Lentil which 
occupied about 29 per cent of the cropped area over other Wheat 
alternatives. Potatoes increasing by 25 times to the existing 
Potato acreage amounted to about 5 per cent of the total cropped 
area. This increased potato area came from Rabi fallow which 
decreased by 15 per cent and at the expense of area under Wheat.
4 To know the existing system, information was collected 
from a sample of 100 farmers in the study area.
9 3 .
A2 - Optimum Crop and Lives tock  Plan Under E x i s t i n g  Techno l o g y :
Under t h i s  p lan  p r o v i s i o n  i s  made t o  keep one loca l  cow and 
b u f f a l o ,  in a d d i t i o n  to  the  cropp ing  p a t t e r n  o u t l i n e d  in p lan  A1. 
These l i v e s t o c k  a c t i v i t i e s  were e a s i l y  in t roduced  as they d id  
no t  r e q u i r e  cash expenses  and made use o f  s u r p lu s  labour to 
improve family  income and l i v i n g  s t a n d a r d s .
A3 - Optimum Crop Plan Under  Improved Technology and Limited  C r e d i t : 
As i n  th e  case  o f  the  small  farm, i n t r o d u c t i o n  o f  improved farm 
p r a c t i c e s  on l a rg e  farms led to  an e n t i r e l y  d i f f e r e n t  c ropp ing  
p a t t e r n  in  the  op timal p l a n .  Area under  l o c a l  Paddy was reduced  
by h a l f  t o  14 N a l i s .  The o t h e r  14 N a i l s  were s h i f t e d  to  
u n i r r i g a t e d  high y i e l d i n g  Paddy (Bala) . l i ie re  was a 2 p e r  ce n t  
i n c r e a s e  i n  the  a re a  under  Mandua and Urd, though t h e r e  was a 
d e c re a s e  i n  a b s o lu t e  a r e a  o f  9 p e r  c e n t  when compared with the  
e x i s t i n g  s i t u a t i o n .  About 6 p e r  c e n t  o f  t o t a l  cropped a r e a  was 
a l l o t t e d  to  Soybeans,  a newly i n t r o d u c e d  cash c ro p .  Only one 
p e r  ce n t  o f  t o t a l  cropped a r e a  was a l l o c a t e d  t o  each o f  the  o t h e r  
c rops  l i k e  Tomato, French beans and Peas .  I r r i g a t e d  Rabi P o ta to  
w a s  p r e f e r r e d  to  o t h e r  p o t a t o  crops occupying about  3 p e r  cent  
o f  cropped a r e a ,  however u n i r r i g a t e d  S. P o ta to e s  was a l so  
i n c lu d e d  in  th e  p la n  a t  a very  low l e v e l .  Oats was i n t r o d u c e d  
as a fodder  c rop ,  and ga ined  an a l l o c a t i o n  o f  one pe r  ce n t  o f  t h e  
cropped  a r e a .  The c r e d i t  l i m i t a t i o n  and i n c l u s i o n  o f  most 
o f  the  c a p i t a l  i n t e n s i v e  a c t i v i t i e s  which are  r e l a t i v e l y  more 
p r o f i t a b l e  l e d  to  the  unused land l e f t  i n  Rabi season amounting 
to  30 p e r  ce n t  o f  the  cropped a r e a .
A4 - Optimal Crop Plan w i th  Improved Technology and Unl im i ted  C r e d i t  
The p la n  worked o u t  under  th e  assumption  o f  u n r e s t r i c t e d  c r e d i t  
bor rowing i n d i c a t e d  some changes over  o t h e r  p la n s  in  most o f  the  
food c rops .  Area under  I1YV Paddy (Bala)  and Mandua dec reased  
50 and 9 p e r  ce n t  compared to  p la n  A3 s h i f t i n g  to  the  u n i r r i g a t e d  
Summer P o ta t o e s .  With u n l i m i t e d  cash f i n a n c e ,  Rabi u n i r r i g a t e d  
P o ta to  crop was a l l o t t e d  8 N a l i s  and t h e r e  was a 7 p e r  c e n t  i n c r e a s e  
in  a r e a  o f  i r r i g a t e d  Rabi P o ta t o  c rop .  Another  im por tan t  change i s  
an i n c r e a s e  in  Wheat (HYV) a r e a  from 11.02 N a l i s  (p lan  A3) to 
17.81 N a l i s  a c c o u n t in g  f o r  19 p e r  ce n t  o f  the  cropped a r e a .
A5 - Optimum Crop and Livestock Plan with Improved Technology and 
Limited Credit.: A speciality of this plan was the inclusion of
Paddy I.R. -24 crop in the plan as an irrigated HYV crop though 
it amounted only to about 1 per cent of total cropped area.
'liiere was a considerable increase of 41 and 54 per cent in the 
area under Mandua over the plans A3 and A4 respectively. 'Ibis 
perhaps led to the absence of S. Potato (unirrigated) 
and Chillies which required substantial cash resource. Area under 
Paddy, Bala also decreased from 5.4 Nalis (plan A4) to 0.24 
Nalis. Ihere was a substitution of peas for (irrig.) Rahi Potatoes 
and the former accounted for 5 per cent, of the total cropped area. 
Wheat acreage also declined by 30 per cent amounting to 16 per 
cent of the total cropped area. Other crops, Chillies, Capsicum, 
Soybean, French beans and Oats were allocated the same area as 
in pi an A4 .
In addition to the above mentioned crops, one milch buffalo 
(local) and cow (cross-bred) were added to the plan. As a result 
of limited cash availability in this plan also about 27 per cent 
of total cropped area remained unused in the Rabi season.
A6 - Optimum Crop and Livestock Plan with Improved Technology and 
Unlimited Credit: It was observed that with the relaxation of
cash supply the plan generated a cropping pattern very similar 
to the plan A4. The minor variations included an increase of 
5 per cent, for Mandua over the area allotted in plan A4. rIbc other 
variation was in the area occupied by HYV of Paddy (Bala) which 
decreased by 1.31 Nalis from plan A4 accounting only 4 per cent 
of the cropped area. In all other respects such as area under 
other cash and food crops, and inclusion of one unit of improved 
cow and buffalo, this plan is similar to the plan A4.
A7 - Optimum Crop and Poultry Plan with Improved Technology and 
Unlimited Credit: Ibis plan also had no cash restriction.’
A provision was made under this plan to replace livestock by 
poultry enterprises. Ibis plan came out exactly similar to plan 
A5. The only difference is a shift of 0.6 Nalis from Mandua 
to HYV Paddy (Bala). A distinguishing feature of this plan was
the recommendation of two poultry units having a total of 100 birds.
A8 - Optimum Crop, Livestock and Poultry Plan with Improved 
Technology and Unlimited Credit: This plan was formulated as a
compromise between plans Ah and A7 with a view to estimating, 
maximum income obtainable on large farms meeting all the 
prerequisites. The plan A8 is similar to plan Ah or A7. 
ilic only difference observed in cropping pattern was the shift 
of area from 11YV Paddy (Bala) to Mandua by 1.32 Nalis because 
of labour unavailability in Mu' peak periods. In this plan a;; 
a special feature, cross-bred cow and local buffalo were included, 
with one unit each together with two units of poultry.
It is evident from Table 5.7 that the maximum cropping 
intensity that could be attained under existing technology after 
fulfilling all the requirements was met in plan Al. Similarly, 
land was used at its fullest capacity in all the plans under 
improved technology where credit restrictions were relaxed.
An economic evaluation of all the above-mentioned eight 
alternative plans for the large farms is also made on the basis 
of criteria discussed in the previous section.
Total Gross Margin (TGM): Table 5.9 revealed the increase in the
TGM of successive plans moving from Aoo to A8. It is observed 
that TGM under the existing cropping pattern of Rs. 1831 increased 
by 32 per cent when supplemented with local breeds of livestock 
(plan Ao). With the simple reallocation of land followed in 
plan Al,TGM increased by 87 per cent over plan Aoo, with a further 
increase of 30 per cent (in plan A2) over TGM of Al and about 
65 per cent over TGM of plan Ao, where livestock enterprises 
were included. With the introduction of improved cropping 
patterns under limited credit availability, TGM increased by 173 per 
cent in plan A3 over existing cropping pattern and was increased 



























































o o C\J OT
O
r t rH nO
vO rH 0 0
0 0 t o 'F t 0 4
< Ch
c h O l 0 0
c h o t o
i - NO 1 -
nD 'F t IO
rH t o 0 4
< o o
Ch t''- O
o - IO vD
- r CO c o
- t vO i -
CD 0 4 rH
C vO
0 0 o r 0 4
Ch Ch O -
o 0 4 vO
t o rH t o
LO T'- CM rH
< LO
Ch LO Ch
o - o rH
CO • • •
0 0 t o Ch
< r o 0 4




U h o LO rH
NO o IO
5 Ch t o M?
Ch o




O o o rH
t o t o
d o>
o o r-H vO
04 Ch I— /
< t o
'F t 0 0
LO LO o
IO vO rH














< _ ) +->
4->
bß bß cd
C C CU o o~
•H •H o t o
+-> C U r ^ • 1 •
Ch P h CJ rH ■Ft
•H o c o t o 0 4
X ?H ■u o o o
UJ LD cr < rH
1
CD O  CD
c Ch O  Ch O
• rH cd cd <bß CD CD
P U ?H
CO cd o C+H O Mh
P c o  c O
cd •H •H
1“H Ch
•p CO CD U  CD O
o o öjO H  öO E—•
•rH U r—\ Cd cd
■M O • -M P  -M fH
fu Ch C CD C CD
cd rH CC (D >  CD >
Cu cd '-n  o O O o
-M U ?H
O CD CD
t - CU CU
When supplemented by livestock enterprises under limited 
and unlimited credit supplies (plan A5 and A6) TGM became Us.
5731/- and Rs. 6744 showing an increase of 137 and 179 per cent over 
existing cropping pattern together with local livestock enterprises 
(Ao) . When improved cropping pattern was supplemented solely by 
a poultry enterprise in pinn A7 there was an increase of 237 per 
cent in TGM over plan Ao. In the last alternative plan, i.c. 
plan A8, a 411 per cent and 287 per cent increase was registered 
when plan A7 was combined with A6, over existing cropping pattern 
(Aoo) and mixed farming system (Ao) respectively.
Resource Utilization: It was observed that in case of large farms
the land use pattern remained similar to the one for small farms 
though land resource availability was not the same. Under all 
the plans with limited cash availability about 27 and 29 per 
cent of cropped area remained unutilized in Rabi season, while 
in other plans, without credit restrictions, land was used to its 
maximum capacity (see Table 5.10).
As was the case on small farms, family labour was not fully 
utilized on large farms under the existing cropping pattern.
With the optimization of cropping pattern it was observed that on 
an average about 58 per cent of the family labour was left unused 
with an exception of the peak demand month of October when outside 
help had to be hired. Supplementation of crop activities with 
local livestock increased the labour use by a further 4 per cent 
over the plan A1 in October month. The optimum plan under 
improved technology improved labour employment situation on the 
farms. iTie month of May appeared to be the most crucial time 
because of the inclusion of IIYV of Paddy requiring nursery 
preparation at the time Wheat was ready to be harvested. Family 
labour was just used-up during winter months with a hiring of 10 
per cent of availability in May. The general pattern found for 
labour use suggested a varying degree of unemployment present on 
the farms during the months of June and July. While in the months 
of May, October and November there were quite good employment 
opportunities on the farms though there was a slight decline in labour 
employment on the farm by about 30 per cent of the availability in 
the months of May and October in alternative plan A5.
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Under existing technology out of Rs. 275/- and Rs. 326/- 
only 12 per cent was utilized in each of the two seasons, Kharif 
and Rabi, whereas in the plans with improved technology there was 
a complete utilization of owned cash. In plans A3 and AS, under 
improved technology, all the credit was utilized which was 
assigned to the farms as the maximum possible availability.
With an unlimited credit supply (plan A3), 149 and 181 per cent 
of owned cash was consumed in Kharif and Rabi seasons respectively.
Thus credit utilization increased with the sophistication of 
plans from Rs. 848 and Rs. 1097 to Rs. 2361 and Rs. 2618 in Kharif 
and Rabi seasons respectively. It can be said that credit 
requirement per Nali was lower in the Kharif season only because 
of the inclusion of poor and local crops in Kharif season.
This leads to another important conclusion that more credit 
should be made available in the Rabi season to support the 
adoption of new technology.
Total Production of Different Crops: ihough these farms are much
bigger than the farms discussed in the previous section, food grain 
production is still a very important aspect of agriculture.
On large size farms it has become apparent from earlier discussions 
that Paddy and Mandua production varies significantly from plan to 
plan whereas Wheat production follows only two patterns, i .e ., a 
production of about 5-6 Qts. under plans with limited credit and 
about 8 Qts. with unlimited credit supply (Table 5.11). Thus the 
food production varies in all the plans except in plan A1 and A2.
It was observed that with the optimization process under existing 
technology food production declined by 18 per cent from the 
existing situation. With the introduction of improved technology 
a slight increase in food grain production was observed under plan 
A3 and A4 but abruptly fell from 20 to 17.6 Qts. in plan A5. This 
decline in food grain resulted from the inclusion of the livestock 
activity which is profitable relative to food crops. Under 
limited cash aval.lability area under Wheat (I1YV) , which is a 
capital intensive crop, reduced and therefore the food grain production. 
Table 5.11 shows that absolute food grain production in plans A6,
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101.
than  t h a t  o f  the e x i s t i n g  s i t u a t i o n .  F u r th e r  t h i s  d ec re ase  in  
food g ra in  p r o d u c t io n  can be met by o t h e r  v e g e t a b l e s ,  legumes and 
l i v e s t o c k  p ro d u c t s  which w i l l  n o t  only  s a t i s f y  hunger b u t  w i l l  
a l s o  p rov ide  b e t t e r  n u t r i t i o n .
Requirements o f  Cash I n p u t s : As mentioned e a r l i c r ; under  e x i s t i n g
c o n d i t i o n s  farmers  a re  not  u s ing  cash i n p u t s  l i k e  improved seeds  
and chemical  f e r t i l i z e r s ,  e t c .  But with  the  i n t r o d u c t i o n  o f  
improved te chnology  in  the form o f  improved and h igh y i e l d i n g  
c ro p s ,  farmers have to use th e se  cash inpu t s  to  d e r iv e  maximum 
b e n e f i t s  (P ro d u c t i o n ) .  Tables  S.12 and 5 .13  show the  
requ i rem en ts  f o r  d i f f e r e n t  n u t r i e n t s  and seeds  under  d i f f e r e n t  
a l t e r n a t i v e  p la ns  r e s p e c t i v e l y .  I t  i s  e v i d e n t  from Table 5.12 
t h a t  the n u t r i e n t  requ i rem en ts  are h i g h e r  in  p la n  A3 than p lan  
A5 due to  the  f a c t  th a t  in plan A3 only crops  ( improved) a re  
taken  whereas in p lan  A5, l i v e s t o c k  i n t r o d u c t i o n  has r e s t r i c t e d  
the e n t r y  o f  the  crops  r e q u i r i n g  most n u t r i e n t s ,  i . e .  P o t a t o e s .  
However, Paddy a r e a  a l s o  d e c l in e d  in t h i s  p lan  A5. In most o f  
the o t h e r  p lans  th e s e  requ i rem en ts  a rc  somewhat s i m i l a r  as a 
re s u i t  o f  s i m i l a r i t y  in the  cro p p l a n .  A s i m i 1 a r pa t  t e r n  w as 
observed  in case o f  requ i re m en ts  f o r  improved s e e d s .
Shadow P r i c e s :  Shadow p r i c e s  o b ta in e d  in the l i n e a r  programming
s o l u t i o n  a re  given  in  Table 5 . 1 4 .  From t h i s  t a b l e  i t  i s  ap p a re n t  
t h a t  shadow p r i c e s  (MVP’s)  f o r  K h a r i f  and Rabi lands i s  h ig h e r  
in  p lan  A1 and A2 than  the  Paddy and Wheat lands because  t h e r e  
arc more o p p o r tu n i t i c s  open f o r  farmers which are  c e r t a i n l y  
more p r o f i t a b l e  than Paddy and Wheat c ro p s .  Only in one season ,  
i . e .  October  p e r i o d ,  l abour  was h i r e d  in  which g e n e ra te d  a MVP o f  
Rs . 0.71 p e r  man hour  which i s  equal  t o  the  c o s t  o f  h i r i n g .
This means t h a t  t h e r e  would no t  be a r e a l  i n c r e a s e  in the  gross  
margins (TGM) o f  the  p lans  A1 and A2. For o t h e r  r e s o u r c e s  a zero 
MVP i n d i c a t e s  t h a t  t h e se  r e s o u rc e s  a re  n o t  r e a l  b in d i n g  c o n s t r a i n t s  
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Under the  p la n s  with improved t e c h n o lo g y ,  MVP’s o f  land 
r e s o u rc e s  fol low the  same p a t t e r n s  as in case o f  small  farm.
Higher MVP’s f o r  i r r i g a t e d  land show a p o t e n t i a l  f o r  i n c r e a s i n g  
a g r i c u l t u r a l  p ro d u c t i o n  as w ell  as farm income in  a s h o r t  p e r io d  
oI l ime.  In most o f  the cases  MVP value for  labour  h i r e d  
is  equal to i t s  wage r a t e ,  i .o .  Us. 0.71 p e r  man hour  showing, 
t h a t  though p ro d u c t io n  would i n c r e a s e ,  the  net  outcome w i l l  he 
the same, s in c e  an e x t r a  ( a d d i t i o n a l )  u n i t  o f  human labour  would 
genera te  only  Rs . 0.71 worth o f  a d d i t i o n a l  income which i s  o f f s e t  
by i t s  c o s t ,  i . e .  Rs . 0.71 p e r  man hour .  However, in some c a s e s ,  
l i k e  October labou r  and November labour ,  MVP's a rc  l e s s  than the 
wage r a t e s ,  i . e .  r an g in g  from R s . 0.19 to  Rs . 0.46  p e r  man hour  
which i n d i c a t e s  t h a t  a l though an a d d i t i o n a l  l abou r  u n i t  in the se  
peak pe r iods  w i l l  give a d d i t i o n a l  income, t h e r e  would be a f a l l  
in  the t o t a l  g ross  margins by the d i f f e r e n c e  between the  MVP value 
and the  wage r a t e .
An e q u a l i t y  between MVP and wage r a t e s  show an optimum use 
whi le  w i th  MVP < wage r a t e  a sub -op t im a l  use o f  the r e s o u r c e s  
i s  observed .  Because o f  the  v a r io u s  c o n s t r a i n t s  imposed in  the  
p l a n ,  the e f f i c i e n c y  o f  optimal  a l l o c a t i o n  has  been reduced .
Cash i s  the  most l i m i t i n g  f a c t o r  in  a l l  the  p la n s  w i th  
improved te chno logy .  A c r e d i t  l i m i t  imposed in p la n s  A3 and A5 
m a k e s ,o b v io u s ly , c r e d i t  a l i m i t i n g  r e s o u r c e .  MVP va lu e s  r e v e a l  
t h a t  c r e d i t  i s  s u r p l u s ,  as obv ious ,  in  p la n s  with  u n l i m i t e d  
c r e d i t  a v a i l a b i l i t y  which s u p p o r t s  the MVP o f  cash in  both the 
s e a s o n s ,  i . e .  Rs. 0 .08  per  rupee i n v e s t e d  because  any amount o f  cash 
can be acq u i re d  in  t h e s e  p la n s  a t  the  c o s t  o f  i n t e r e s t  r a t e ,  i . e .
8 p e r  c e n t .  In p la n s  A3 and A5 cash  be ing  a most l i m i t i n g  r e s o u rc e  
g en e ra te s  a p o s i t i v e  and h ig h e r  MVP. MVP f o r  cash i s  r e l a t i v e l y  
low, i . e .  Rs. 0.26  in  K ha r i f  compared with  Rabi ,  i . e .  Rs. 1.45 
i n d i c a t i n g  the r e l a t i v e  impor tance  o f  cash in v e s tm en t s  i n  t h e se  
two seasons .  Whereas,  in  p lan  A5 i t  i s  r e v e r s e d ,  i . e .  MVP fo r  
K h a r i f  cash in  h i g h e r  than  Rabi cash because  w h i le  no K h a r i f  crop 
was cropped from the  p l a n ,  a Rabi c rop ,  P o t a t o ,  was dropped with  
the  i n t r o d u c t i o n  o f  l i v e s t o c k  a c t i v i t i e s .
106 .
ihe  marg ina l  o p p o r tu n i ty  c o s t  f i g u r e s  show t h a t  lo c a l  
v a r i e t y  o f  Paddy i s  not  p r o f i t a b l e  in K ha r i f  season in  p lan  A1 and 
A2, w h i le  lo c a l  v a r i e t y  o f  Wheat and a mixed crop o f  Wheat w i th  
Bar ley  s tood  r e l a t i v e l y  l e s s  p r o f i t a b l e  than o t h e r  crops  in Rabi 
s eason .  Of t h e s e ,  l o c a l  Wheat was the most u n p r o f i t a b l e  crop wi t h 
an MOO o f  Rs. 10.94 p e r  Na I i .
Under improved techno logy ,  i t  appears  th a t  the  P o ta to  crop 
(mainly S. P o ta to  ( i r r i g a t e d ) )  is  n o t  c o m p e t i t iv e  w i th  crops 
l i ke  Capsicum and C h i l l i e s .  i h e  l a t t e r  r e q u i r e  low cash and 
l a b o u r  inpu t s  and y i e l d  more income compared to P o t a t o e s ,  
ihe  MOC f o r  Po ta to  ( S . P o ta to  i r r i g . )  i n d i c a t e s  t h a t  t h i s  crop needs 
an in c re a s e  o f  Rs. S8.76 to  Rs. 123.23/Nal i  in  gross  margin b e fo re  
i t  could  be in c lu d e d  in  the  optimal p la n .  The next  most u n favou r ­
ab le  crop appears  to  be Paddy (1 .R . -2 4 )  which d id  not  come in  
p l a n s  A3, A4, A6, A7, and A8. The MOC va lues  could be g e n e ra ted  
only fo r  p lans  A3, A4, and A8 demanding an in c re a s e  in i t s  gross  
margin o f  Rs. 22 .17  to  Rs . S7.27 p e r  Nal i  to make i t  appear  i n  the 
op t im al  p l a n .
In p la ns  A6 and A7 though,  i t  is  not  in the  op t im al  p la n  
b u t  i t  appeared  to  be the  nex t  crop to be i n c lu d e d  in  the op timal 
p l a n  p rov ided  the  c o n s t r a i n t s  a re  r e l a x e d ,  ' t h e r e fo r e ,  MOC v a lues  
could  not  be o b t a in e d  f o r  Paddy ( 1 . R. - 24)  in p lans  A6 and A7.
This s i t u a t i o n  causes  the  problem o f  degeneracy which make 
p a r a m e t r i c  programming l e s s  s e n s i t i v e  and l e s s  e f f i c i e n t  
because  o f  u n c e r t a i n  shadow p r i c e s  and o t h e r  c o e f f i c i e n t s . 0
Plan A5 shows the  e x c l u s i o n  o f  most o f  the  crop a c t i v i t i e s  
l i k e  Capsicum, S. P o ta to  ( u n i r r i g . ) ,  S. P o ta to  ( i r r i g . ) ,  R. P o ta to  
( u n i r r i g . )  and R. P o ta to  ( i r r i g . )  because  o f  u n a v a i l a b i l i t y  o f  
s u f f i c i e n t  cash and c r e d i t  f a c i l i t i e s .  i h e  h igh  MOC va lues  
o b t a i n e d  i n d i c a t e  t h a t  p lans  are r e l a t i v e l y  l e s s  s e n s i t i v e  to  
the changes i n c o r p o r a t e d  e i t h e r  in  the  c o e f f i c i e n t s  o r  gross  
m a rg i n s .
5 This s i t u a t i o n  a r i s e s  when an a c t i v i t y  i s  in c lu d e d  in  
the p lan  a t  ze ro  l e v e l .
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5.3 The Parametric Solutions
Having o b ta in e d  the  maximum p o s s i b l e  income a t  the  base 
s i t u a t i o n  as w el l  as a t  the proposed  p lans  with  improved 
techno logy ,  an e f f o r t  was made to  improve th e se  p l a n s ,  only 
those p lans  having  l i m i t e d  cash supply were c o n s id e r e d  in t h i s  
a n a l y s i s .  'Ilri s i s  done in o rd e r  t o  m a in ta in  r a t i o n a l i t y  o f  the  
s o l u t i o n s .  P lans  with  u n l im i t e d  c r e d i t  f a c i l i t i e s  are c u r r e n t l y  
o f  no t  much impor tance  to  fa rmers  and a l so  i t  i s  n o t  p o s s i b l e  
to go f o r  s e n s i t i v i t y  a n a l y s i s .
As d i s c u s s e d  in  e a r l i e r  s e c t i o n s ,  the  dual  LP s o l u t i o n  
p rov ides  in fo rm at ion  on some economic o p p o r t u n i t i e s  in the form 
o f  shadow p r i c e s . ^  The MVP's show the r e l a t i v e  s c a r c i t y  o f  the 
r e s o u rc e s  conce rned .  Some o f  th e se  r e s o u r c e s  l i k e  c r e d i t  
a v a i l a b i l i t y ,  can be made a v a i l a b l e  more r e a d i l y  than o t h e r s .
In the case o f  l a n d ,  i n  the absence o f  scope f o r  expans ion  o f  
land h o ld in g ,  an a t tem p t  is  made to  in c re a s e  the  proposed 
i r r i g a b l e  land to  p rov ide  guide l i n e s  fo r  f u t u r e  i r r i g a t i o n  
p r o j e c t s .  The p a r a m e t r i c  programming c a r r i e d  out  wi th the f i r s t  
type o f  r e s o u r c e ,  i . e .  c r e d i t  a v a i l a b i l i t y ,  p ro v id e s  some p r a c t i c a b l e  
ways open to  the farmers to  improve farming c o n d i t i o n s  in the  a r e a .
5.3.1 Effects of Relaxing Credit Constraint
From the  o p t im a l  s o l u t i o n s  o f  a l l  th e  p la n s  with  l i m i t e d  
c r e d i t  f a c i l i t i e s ,  p lans  A3 and A5, i t  appears  t h a t  i n t r o d u c t i o n  
of  improved techno logy  and o t h e r  in n o v a t io n s  e x e r t  an i n c r e a s i n g  
p r e s s u r e  on working c a p i t a l  (owned and borrowed c a s h ) .
Being a t  s u b s i s t e n c e  l e v e l s  o f  p ro d u c t i o n ,  farmers  do no t  posse ss  
enough funds (owned) to  suppor t  the adopt ion  o f  improved te chno logy .  
T he re fo re ,  the  r e s t r i c t i o n  p la c e d  on c r e d i t  a v a i l a b i l i t y  i s  
r e l a x e d  to  see the  e f f e c t s  on the  TGM and a re  d i s c u s s e d  as fo l l o w s .
6 The term shadow p r i c e s  r e f e r s  to  bo th  MVPs and MOCs.
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On small  farms in p la n s  A3 and A5, c r e d i t  a v a i l a b i l i t y  
is  observed to be a more l i m i t i n g  c o n s t r a i n t  in the  Rabi 
season  than in  K h a r i f  (on the  b a s i s  o f  MVP v a lu e s  d i s c u s s e d  
e a r l i e r ) .  However, both the  c o n s t r a i n t s ,  namely,  Rabi and 
K h a r i f  c r e d i t  l i m i t s  a re  r e l a x e d  in each o f  the p lans  t i l l  i t s  
maximum use (where MVP o f  C re d i t  i s  'O ’ ) .  The r e s u l t s  p r e s e n t e d  
in  Table 5.15  show t h a t  TGM i n c r e a s e s  from Rs. 1789 to Rs. 2218 
and Rs. 2298 to  Rs. 3504 u s ing  c r e d i t  a t  i t s  maximum c a p a c i t y
7
in  p la n s  A3 and A5. But on economic grounds i t  i s  no t  wise
for  the fanner  to i n v e s t  up to. the maximum c r e d i t  r equ i rem en ts  because
in the  p lan  f o r m u l a t io n ; repayment o f  loan i s  not  co n s id e r e d .
T h e r e f o re ,  the  farmer  shou ld  i n v e s t  only up to the  p o i n t  where 
a d d i t i o n a l  i n c r e a s e  in  TGM i s  g r e a t e r  o r  equal  to the  a d d i t i o n a l  
i n c r e a s e d  use o f  c r e d i t .  Analys ing  th e se  p a r a m e t r i c  s o l u t i o n s  
on t h e  above c r i t e r i o n  i t  becomes a p p a re n t  t h a t  TGM is i n c r e a s i n g  
a t  a d e c r e a s i n g  r a t e  w hile  c r e d i t  use i s  i n c r e a s i n g  c o n s t a n t l y .
Under p lan  A3 in  the  second s o l u t i o n  marginal  i n c r e a s e  in  TGM i s  
g r e a t e r  than  i n c r e a s e  i n  c r e d i t  use bu t  in the  succeed ing  
s o l u t i o n s  i t  i s  v ice  v e r s a .  While in  case  o f  p lan  A5 f u r t h e r  
inves tm en ts  can be made up to  Rs. 525 / -  (S o lu t io n  6) w i th  a view 
to  make an e f f i c i e n t  use o f  c r e d i t  a v a i l a b i l i t y .
rlhe Rabi c r e d i t  a v a i l a b i l i t y  happens to  be the  more im por tan t  
c o n s t r a i n t  ag a in ,  on the l a rg e  farms.  From Table 5 .16  an i n c r e a s i n g  
a t  d e c r e a s i n g  r a t e  i s  o bse rved  f o r  TGM under  both  the p l a n s ,  i . e .
A3 and A5, which,  c o n s i d e r i n g  the  m a r g i n a l i t y  concept  s u g g es t s  
a r e s t r i c t e d  use o f  c r e d i t  i n s t e a d  o f  u n l i m i t e d  u se .  On l a rg e  
farms under  improved crop  p la n  (A3), any a d d i t i o n a l  use o f  c r e d i t  
i s  no t  encouraged  though TGM i n c r e a s e s  from Rs . 4999 to Rs. 5548.
I f  on ly  f i r s t  inc rem en t  i s  used in  both the  seasons  ( i . e .  Rs . 300 / - )  
the  a d d i t i o n a l  TGM w i l l  be Rs. 130 which s u g g e s t s  i n s t e a d  o f  
g a i n i n g , f a r m e r  has  to  pay Rs. 170 from h i s  o r i g i n a l  TGM o f  Rs . 4999 
to  repay  the  loan .  In the o t h e r  p l a n ,  i . e .  A5 with  improved 
crops  p lu s  l i v e s t o c k ,  on ly  a l i m i t e d  use  o f  c r e d i t  i s  p e r m i t t e d  
in  a d d i t i o n  to  the  amount o r i g i n a l l y  a v a i l a b l e  ( i . e .  Rs. 150 in 
each o f  th e  seasons )  though MVP's show p rom is ing  o p p o r t u n i t i e s
7 Ih c s c  va lu e s  a re  i d e n t i c a l  to  those  o b t a in e d  in  p la ns  A4 
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to f u r t h e r  i n v e s tm e n t .  Under t h i s  p la n ,  only f i r s t  inc rement  
i s  p r o f i t a b l e  which ge n e ra te s  a ne t  i n c r e a s e  o f  Rs. 147 
in  TGM.
Tn a l l  the p lans  i t  was n o t i c e d  t h a t  r e l a x a t i o n  in c r e d i t  
a v a i l a b i l i t y  has a p o s i t i v e  e f f e c t  on improved crops  to be 
inc lu d ed  in  the  p la n .  'Ibc reason fo r  t i l l s  s o r t  o f  e f f e c t  i s  
t h a t  almost a l l  the  exc luded  a c t i v i t i e s  from th e se  p la n s  a rc  
h ig h ly  c a p i t a l  i n t e n s i v e .  rlbc most f av o u rab le  crops  in the  
Rabi season happen to  be HYV wheat and Rabi p o t a t o e s  which 
u t i l i z e d  the  s l a c k  land while  in  K h a r i f ,  UYV Paddy i s  in t r o d u c e d  
r e p l a c i n g  Mandua and Urd.
5 .3 .2  Ef fec t  of  Increas ing I r r i g a b l e  Land
Under the  improved techno logy  a p r o v i s i o n  was made f o r  the 
i r r i g a b l e  land to su p p o r t  the  c u l t i v a t i o n  o f  improved and HYV 
c rops .  ' Ibis i r r i g a b l e  land was o r i g i n a l l y  s e t  only  1.5 N al i s  
(0 .03  ha) and 4 . 0  N a l i s  (0 .08 ha) fo r  small  and l a rg e  farms 
r e s p e c t i v e l y .  The Tables 5 .7  and 5.14 r e v e a l  very  h igh MVP's o f  
the se  lands  under the  improved p l a n s .  As the  c r e d i t  r e q u i re m e n t sg
i n c r e a s e  with the  in c re a s e  in  i r r i g a b l e  l a nd  , on ly  a l t e r n a t i v e s  
having u n l im i t e d  c r e d i t  supply  were c o n s id e re d  in t h i s  a n a l y s i s .  
The i r r i g a b l e  land i s  ex tended  by only 0 .5  N ali s  (0.01 ha) and 1.0 
Nali  (0.02 ha)  fo r  smal l  and l a rg e  farms r e s p e c t i v e l y  because  o f  
topography and l i m i t e d  a v a i l a b i l i t y  o f  w a te r  f o r  i r r i g a t i o n  
p u r p o s e s .
ihe  e f f e c t  o f  i n c r e a s e  in  i r r i g a b l e  land on TGM, c ropp ing  
p a t t e r n ,  c r e d i t  r e q u i r e m e n t s ,  e t c . ,  i s  shown in  Tables  5 .17  
and 5 .18 .
I t  i s  e v i d e n t  from Tables 5 .17  t h a t  in the  case o f  smal l  
farm, an i n c r e a s e  in  i r r i g a b l e  land i s  r e f l e c t e d  by some changes 
in  cropp ing  p a t t e r n .  A s h i f t  o f  r a i n f e d  a r e a  by .5 N a l i s  in  
both the seasons  to  i r r i g a b l e  land r e s u l t e d  a d e c l i n e  in  Paddy - 
Bala and i n t r o d u c t i o n  o f  Gapsicum by .5 N a l i s  (0.01 h a ) .
Because o f  t h e s e  l a nds ,  a l l  the  c rops  grown r e q u i r e  a 
l a rg e  sum o f  cash as compared to  the  crops  grown on 
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S i m i l a r l y  in  Rabi season a s h i f t  i s  n o t i c e d  from 11YV Wheat 
t o  Rabi P o ta t o .  Al l  o t h e r  crops occupied  the same a r e a  as in 
o r i g i n a l  p l a n .  An i n c r e a s e  in TGM i s  n o t i c e d  by Rs. 111/-  
( app rox . )  in a l l  the  p lans  showing,  in  p e r c e n ta g e  te rm s ,  an 
i n c r e a s e  a t  d e c r e a s i n g  r a t e  in succee d in g  p l a n s . ’ A s i m i l a r  
p a t t e r n  was observed  f o r  c r e d i t  u s e .  i b c r c  was an i n c r e a s e  by 
Rs. 9 / -  and Rs. 35 / -  in K h a r i f  and Rabi seasons  r e s p e c t i v e l y  
in a l l  the  p l a n s .  In a b s o lu t e  terms t h e r e  i s  a n e t  p r o f i t  o f  
R s . 67 by i n c r e a s i n g  i r r i g a b l e  land .
In case o f  l a r g e  farms as shown in  Table 5 .18  some changes 
arc n o t i c e d  in  a r e a  a l l o c a t i o n  under  Paddy I .R . -2 4  and Bala,
Mandua p lu s  Urd, Rabi P o ta to e s  ( i r r i g . )  and HYV Wheat, with the  
p r o v i s i o n  o f  e x t r a  0.5 Nali  i r r i g a b l e  land in each o f  the  two 
s e a s o n s .  A s h i f t  i s  n o t i c e d  from HYV Wheat to  Rabi P o ta to  
( i r r i g . )  in Rabi season  and Paddy-Bala to  P a d d y - I . R.-24 and 
Mandua pl us  IJrd in Kha r i f  s eason ,  though in c r e a s e  in the a rea  
under  Mandua p lu s  Urd i s  i n s i g i f i c a n t . Although crop p lans  
d i f f e r  from each o t h e r ,  c ropp ing  i n t e n s i t y  i s  same, i . e .  152 p e r  
c e n t .  The TGM v a l u e s ,  show an i n c r e a s e  o f  Rs. 100 in  a l l  the 
p la n s  as a consequence o f  i n c r e a s e  in i r r i g a b l e  land .
To g e n e r a t e  t h i s  a d d i t i o n a l  TGM o f  R s . 100/ -  a l l  the  p lans  r e q u i r e d  
an e x t r a  bor rowing o f  Rs . 36. When the  p roposed  i r r i g a b l e  a r e a  
was i n c r e a s e d  from 0 .5  N al i s  to 1 .0  N a l i s ,  the  s h i f t s  in  crop a re a  
n o t i c e d  resemble the  s h i f t s  d i s c u s s e d  above.  A f u r t h e r  i n c r e a s e  
i s  n o t i c e d  under  a l l  the p lans  in TGM by Rs. 100 with an i n c r e a s e d  
re q u i re m e n t  o f  c r e d i t  by Rs . 35.
'Hie s o l u t i o n s  d i s c u s s e d  above u s in g  p a r a m e t r i c  programming
a f f i r m  the  gene ra l  n o t i o n  o f  h ig h e r  c r e d i t  needs and f a c i l i t i e s
wi th  t h e  i n c r e a s e d  i r r i g a t i o n  f a c i l i t i e s .  Comparing the  two
farm s i z e s ,  i t  appea rs  t h a t  smal l  farms make a r e l a t i v e l y  more
e f f i c i e n t  use o f  i r r i g a b l e  land th a n  t h a t  o f  l a rg e  farms.  On
smal l  farms an i n c r e a s e  by 0.5 N al i  i r r i g a b l e  land b r in g s  about  
9
a n e t  i n c r e a s e  in  TGM by Rs. 67 w hile  on la rg e  farms i t  accounts  
f o r  on ly  Rs. 65 approx im ate ly .
I t  r e f e r s  to  the  amount equa l  t o :
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C H A P T E R  G
E V A L U A T I O N  OF S U B - O P T I M A L  F A R M  PL A N S
In (lie previous chapter a number of alternative optimal plans 
were presented for two Farm size groups, small and large. Fach 
option presented has a unique cropping and resource utilization 
pattern though in some cases similarities existed in crop areas 
because of various constraints on choice. ilicsc alternative 
optimal farm plans gave the Farmer a certain range oF Farm incomes.
The farmer, however, owing to his subjective preferences, may choose 
not to follow these optimal plans. Optimal farm plans generated 
using linear programming arc subject to the limitation that if any 
activity level is increased or decreased from the optimal level 
by the farmer (according to his subjective preferences), this will 
cause violation of the optimality criterion i.c., MR = MC, and, 
therefore, will lead to a reduction in the levels of expected farm 
income.
As discussed earlier, linear programming gives only an optimal 
solution, given certain conditions such as resource availability, 
etc., and therefore it docs not provide information on other 
possible solutions around the optimum point which could help small 
farmers in decision making. Because farms are heterogeneous with 
reference to resources, constraints, and preferences, etc., the 
assistance provided by the I,P solution (optimal) for any group 
average farm is limited, and providing LP solutions for the range 
of resources and constraints within a group would be inordinately 
expensive. Therefore, to overcome these problems, Monte Carlo 
programming was employed in order to generate a number of farm 
plans around the optimum point. These plans allowing greater 
information and flexibility in choice of activity levels, etc., 
provide useful guidelines to the farmers who for their own reasons 
may not wish to adopt the optimal level of activities or an optimal 
combination of activities.
HO.
A s u b s i d i a r y  o b j e c t i v e  o f  t h i s  s tudy  is  t o  compare optimal and 
sub-op t im a l  farm p la n s  in o r d e r  to  t e s t  the  p r a c t i c a l  f e a s i b i l i t y  
o f  sub-op t im a l  farm p l a n s .  To meet t h i s  o b j e c t i v e  a number o f  
p la n s  were g e n e ra te d  f o r  a l l  th e  a l t e r n a t i v e  s i t u a t i o n s  (A1 to  A8, 
Chap te r  4) to r  both s i z e s  o f  farms. but for  more d e t a i l e d  
a n a l y s i s  only  one p lan  was c o n s id e r e d ,  i . c .  plan Al,  on both farm 
s i z e s ,  small and l a r g e .
6.1 Evaluation of Sub-Optimal Farm Plans: Monte Carlo 
Solutions Compared with IP Solutions
Tn fo rm u la t in g  th e s e  sub-op t im al  farm p l a n s ,  maximizat ion o f  
T o ta l  Cross Margins (TGM) was c o n s id e re d  as t h e  main o b j e c t i v e  in 
th e  p r e s e n t  a n a l y s i s .  In a d d i t i o n ,  some secondary  o b j e c t i v e s  
such as maximum use o f  fami ly  labour  and o f  land were a l s o  
c o n s id e r e d .  All the  independent  a c t i v i t i e s  s e l e c t e d  and inc luded  
in the  m a t r ix  under  d i f f e r e n t  a l t e r n a t i v e  s i t u a t i o n s  (Al to  A8) 
had th e  same chance o f  s e l e c t i o n s  in th e  sub-op t im al  p l a n s ,  t h e r e f o r e  
a n e c e s s i t y  was f e l t  t o  improve t h e  e f f i c i e n c y  a s s i g n i n g  i n t u i t i v e l y  
more weigh t  t o  c e r t a i n  a c t i v i t i e s  t o  r e p r e s e n t  f a r m e r s ’ r e v e a l e d  
p r e f e r e n c e s .  The f requency  and l e v e l s  o f  a c t i v i t i e s  inc luded  in 
th e  top  25 p l a n s  show t h e i r  r e l a t i v e  m e r i t  in  b u i l d i n g  f e a s i b l e  and 
p r o f i t a b l e  p l a n s .  ' Ibis was f u r t h e r  improved by employing the  
m u l t i - s t e p  p r o c e s s .  A p p l i c a t i o n  o f  t h i s  p rocess  im p l ie s  t h a t  the  
Monte Car lo  Method i s  a d j u s t e d  s u c c e s s i v e l y  on th e  b a s i s  of  
i n fo rm a t io n  g a th e re d  on ad jus tm en t  p rocess  from s o l u t i o n s  o f  
p r e v i o u s l y  accompl ished t r i a l s  (L indergen  and C a r l so n ,  1966).
Ihc ad jus tm en t  p rocess  ( A u t o - s t e e r i n g ,  Chapter  3) used in  t h i s  
a n a l y s i s  lias been o f  the  fo l l o w in g  form:
(1) I n t e r v a l  Reduct ion ,  (2) D i f f e r e n t  Weights ,  (3) Combination o f  
1 and 2. The i n t e r v a l  r e d u c t i o n  im p l ie s  s e t t i n g  o f  minimum and 
maximum l e v e l s  o f  each a c t i v i t y  in f u r t h e r  s e l e c t i o n  p rocess  
based  on th e  l e v e l s  ap p e a r in g  in  t h e  p re v io u s  s o l u t i o n s .
S i m i l a r l y  d i f f e r e n t  w eigh ts  were e s t a b l i s h e d  on th e  b a s i s  o f  
p e r c e n t  occu r renc e  o f  a c t i v i t i e s  in t h e  a l r e a d y  t r i e d  s o l u t i o n s .  
However, the  t h i r d  one can be s e t  manual ly  by s e t t i n g  d i f f e r e n t  
weights  and i n t e r v a l s  a t  th e  same t ime as d e a l t  in t h i s  a n a l y s i s .
117.
To make these solutions comparable with LP solutions the 
same resource restrictions as well as activity constraints were 
maintained.
As mentioned in chapter 3, a 1 a rye number of feasible 
solutions arc generated using a random process but only the top twenty 
five solutions are printed which were above, the minimum limit of the 
main objective function i.e. T(iM. These solutions, providing 
details of the activity levels, TGM, and the level of different 
resources used are printed in descending order of their TGM.
To illustrate the way in which solutions are listed in the output, 
a Iacsimi1ecopy of the top 10 plans is reproduced in Appendix XI.
One line represents one answer, and along the line arc printed the 
levels of each activity (Columns 1-30), the objective value 
(Column 21), the levels of resources used (Column 22-32). Asterisks 
represent the value zero.
The TGM's of the top twenty five sub-optimal plans obtained 
through the Monte Carlo method arc presented in Tables 6:1 and 6.2 
showing maximum and minimum TGM's under different alternative plans 
(A1 to A8) for small and large farms respectively. Table 6.1 
shows that on small farms the TGM of the top twenty five solutions 
fall within the range of 77 per cent to 1)9 per cent of the LP 
solutions. Similarly, Table 6.2 reveals a range of 76 to 99 per 
cent for the minimum and maximum TGM of top twenty five solutions 
for large farms. It is evident from both the Tables that a 
wider range of plans were generated for all the alternatives having 
unlimited cash/crcdit supply (plans Al, A2, A4, A6, A7 and AS).
'Hie plans generated under limited credit availability show a 
relatively lower efficiency^ as the maximum TGM obtained under 
these situations (plan A3 and A5) was only 85 per cent to 89 per 
cent of the optimal TGM obtained on small and large farms respectively.
The solutions generated were either not well distributed 
along the boundary line or not very close to the optimal 
point but concentrated in a smaller feasible area, 
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1 2 0 .
As s t a t e d  e a r l i e r ,  s im u l a t i o n  p r e s e n t s  a wide range  o f  
s o l u t i o n s .  Al l  t h e s e  s o l u t i o n s  look approx im ate ly  t h e  same in 
terms o f  TGM, bu t  d i f f e r  s u b s t a n t i a l l y  in p h y s ic a l  terms such 
as a c t i v i t i e s ,  a c t i v i t y  l e v e l s  and r e s o u r c e s  used .  The 
v a r i a t i o n  is  g r e a t e r  s t i l l  i f  p lans  ( s o l u t i o n s )  a d d i t i o n a l  to the 
top twenty f i v e  a re  c o n s id e re d .  il ic v a r i a t i o n s  among sub-op t im al  
p l a n s  were c o n s id e r a b l e  in  some c ases  b u t  a rc  only  minor in 
o t h e r s .
I n s p e c t i o n  o f  t h e s e  s o l u t i o n s  r e v e a l e d  t h a t  groups o f  them 
a re  i d e n t i c a l .  No a t tem p t  i s  made by the program to i d e n t i f y  
and d i s c a r d  a l l  bu t  one o f  the  i d e n t i c a l  s o l u t i o n s  as the  
knowledge t h a t  such d u p l i c a t i o n  i s  o c c u r r i n g  i s  in  i t s e l f  an 
im por tan t  p ie c e  o f  i n f o r m a t io n .  The i n f e r e n c e  to  be drawn i s  
t h a t  th e  f e a s i b l e  a reas  in the  r eg io n  o f  an ’optimum’ are  q u i t e  
s m a l l ,  and the  p o s s i b i l i t y  o f  ad jus tment to  th e  same p o in t  on the  
boundary  th u s  becomes q u i t e  h ig h .  In a small  problem l i k e  t h i s  
d u p l i c a t i o n  cannot  be igno red  w hile  in  b i g g e r  problems d u p l i c a t i o n  
may be l i t t l e  o r  a b s e n t .
6.2 S t a t i s t i ca l  Analysis of the Solutions
To examine the a p p l i c a b i l i t y  and u s e f u ln e s s  o f  t h i s  t ime-  
consuming programmi ng p ro ced u re  a s t a t i s t i c a l  a n a l y s i s  i s  c a r r i e d  
o u t ,  f o r  example,  o f  top  twen ty  f i v e  s o l u t i o n s  under  p la n  A, f o r  
both  farm s i z e s ,  i . c .  small  and l a r g e .  R es u l t s  o f  t h i s  a n a l y s i s  
a r e  p r e s e n t e d  in  Tables  6 . 3  and 6 .4  r e p r e s e n t i n g  small  and l a rg e  
farms r e s p e c t i v e l y .
These t a b l e s  show minimums, maximums and mean l e v e l s ,  
t o g e t h e r  w ith  s t a n d a r d  d e v i a t i o n  f o r  a l l  t h e  13 a c t i v i t i e s  and TGM 
o b ta in e d  in  the  top  25 sub-op t im a l  p l a n s  fo r  average  s i t u a t i o n  
o f  smal l  and l a r g e  farms in  t h e  a r e a .  Very few a c t i v i t y  l e v e l s  
show much v a r i a t i o n  wi th th e  changes in  p l a n .  On smal l  farms,  
ou t  o f  13 a c t i v i t i e s  only  5 , v i z .  Paddy ( l o c a l ) ,  Paddy (L) + Jhungra ,  
Wheat (L o c a l ) ,  Wheat ( L ) , + Bar ley ,  Wheat (L) + L e n t i l ,  show 
s i g n i f i c a n t  v a r i a t i o n s  having  S.D. ( s t a n d a r d  d e v i a t i o n )  w i th i n  t h e  
range o f  1.5 t o  2 .3 .  Al l  those  crops  which were s e t  equal  to  
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, 2 which was s e t  equal  to 7 N a l i s ,  thus  had no v a r i a t i o n  ( 'O '  S . P . ) .
Though in  a b s o lu t e  terms the  v a r i a t i o n  is  very  s m a l l ,  c o n s id e r i n g
the  farm s i z e  and land measurement u n i t  (N a l i s )  i t  becomes very
im por tan t  in  d e c i s i o n  making. Table 6 . 3  shows t h a t  t h e r e  was
g r e a t e r  v a r i a t i o n  in T(!M than in a c t i v i t y  l e v e l s .  A s i m i l a r
a n a l y s i s  for  l a rg e  s i z e  of  farms ( ' fable 6 .1 )  r e v e a l e d  t h a t  9
a c t i v i t i e s  out o f  12 crop a c t i v i t i e s  had S.D. more than 1.
In t h i s  case a l s o  a zero v a r i a t i o n  was observed  f o r  Rabi fa l low  and
the h i g h e s t  v a r i a t i o n  f o r  TGM. Among the  crop a c t i v i t i e s  mainly
two K har i f  c ro p s ,  baddy ( l o c a l )  and Paddy + Jlumgra and t h r e e  Rabi
crops Wheat ( l o c a l ) ,  Wheat + Bar ley  and Wheat + L e n t i l  have shown
a h ig h e r  v a r i a t i o n  because  o f  absence  o f  minimum and maximum a re a
r e s t r i c t i o n s .
Prom the  above d i s c u s s i o n  i t  i s  apparen t  t h a t  TGM has th e  
h ig h e s t  v a r i a t i o n  i . e .  S.l). 19 and 34 on smal l  and la rg e  farms 
which is  fol lowed by o t h e r  crop a c t i v i t i e s .  i b i s  in f a c t  s u p p o r t s  
the  s ta t em en t  t h a t  even a s l i g h t  change in a c t i v i t y  l e v e l s  can 
cause g r e a t  v a r i a t i o n  in  the  expec ted  TGM. These v a r i a t i o n s  in 
the  a c t i v i t y  l e v e l s  a re  a s s o c i a t e d  with  the  v a ry in g  l e v e l s  o f  
re sou rce  u t i l i z a t i o n .  T h e re fo re ,  t h i s  t e c h n iq u e  can prov ide  
va lu a b le  in fo rm a t io n  on farm p la n n in g  s in c e  i t  al lows the  
im p l i c a t i o n s  o f  d i f f e r e n c e s  in  r e s o u r c e  a v a i l a b i l i t i e s  between 
farms to  be e x p lo re d .  Though t h i s  can a l s o  be done u s ing  L.P. 
but  would be an expens ive  and l e s s  e f f i c i e n t  p r o c e s s .
6.3 Mult i -Object ive Approach to Plan Selection
Maximization o f  TGM i s  not  o f  course  th e  on ly  o b j e c t i v e  
o f  fa rming.  C ar l son  e t  a l . ,  (1969) ,  working w i th  sample o f  
Swedish farms found t h a t  " In  g e n e r a l ,  g r e a t e r  t o t a l  g ross  margin 
(TGM) gives g r e a t e r  r i s k " .  In h i s  a n a l y s i s ,  r i s k  m in im iza t ion  
was in c lu d e d  as a second o b j e c t i v e .  I t  was r e p r e s e n t e d  by the  
s t a n d a rd  d e v i a t i o n  o f  TGM when v a r i a t i o n s  i n  y i e l d s  and p r i c e s  o f  
p roduc ts  and f a c t o r s  were c o n s id e r e d .
Minimum and maximum a re a  l i m i t s  were s e t  equa l  to  the  
a r e a  p r e s c r i b e d  in  LP m a t r ix  to  make th e s e  s o l u t i o n s  
comparable w i th  op timal s o l u t i o n s .
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As a means of minimizing risk due to improvements in labour
market and adverse agro-climatic and fiscal conditions,
different discount factors are introduced to examine their impact
3on the selection of alternative plans. Using , maximum use of 
family Labour as Lhc second objective besides the main objective 
(Z ) of maximization of TC.M, a new objective function can be set 
out as follows to take care of risk problems:
Z** = Z?x - V Z.2 (1 = 1,2,___25 for 25 plans)
and,
Z*. = <SZ. l1 11
where:
Z? I is the expected farm income in the ith plan, <S is the 
risk discount factor, V is the average valuation of family labour 
per man hour, Z.  ^ is the amount of family labour used in the ith 
plan, and Z^  is the total TGM obtained in ith plan.
Thus, the value of Z** can be referred to as the return to 
management and fixed assets by the residual method for calculating 
returns to factors of production. While computing Z* ^ 
consideration is given to the risk factor since with risk and 
uncertainty farmers' expected pay-offs are affected. These risks 
and uncertainties stem from two main sources: natural causes, 
such as adverse weather and disease epidemic, and prices which 
are affected by current as well as anticipated supply and demand 
conditions.
ibis approach is applied using alternative plan A1 on small 
and large farms. For computation of Z, different 6 and V values 
were used in order to provide reasonable solutions. lhc 6 
coefficient referring to the risk management allowance is assigned 
two different values, .2 and .4, explaining the extent of losses
3 While formulating sub-optimal plans a minimum limit was 
put to encourage family labour use.
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due to unfavourable changes in yields rind factor and produce prices. 
Originally, V, average valuation of family labour,was assumed to 
be zero for formulating sub-optimal plans but an assumption is 
made to take care for the improvements in employment oppprtunitics 
in the area. This assumption resulted in a V / 0. To evaluate 
this situation, different V values arc used showing varying wage 
rates in the lean and peak periods of the year. In all, three 
values arc used for the valuation of family labour viz. full peak 
wage rate (Av.), 50 per cent and 25 per cent of the average 
peak wage rate.
The results computed using different values of 6 and V for 
small and large size farms arc presented in Tables 6.5 and 6.6 
respectively. On the basis of computed values of Z t*, a recording 
is done for the top twenty five solutions.
Results show that on small farms with a low degree <>l risk 
(6=.2) and a lower wage rate (Rs. 0.18, i.c. 25 per cent of the 
peak wage rate) plans were almost, in the same order (An) as in 
original ranking (Column 1, Table 6.5). But with an increase in 
the wage rate (Rs. 0.35, i.e. 50 per cent of the peak wage rate) 
a change was noticed in the ordering of the last nine plans.
A further increase in the wage rate, to the equivalent ol the 
prevailing peak wage rate (Av.) caused marked changes in the ordering 
of plans (Ca) . However, the first plan still remains preferred 
over others. When the risk discount factors was raised to .4 
there was not much effect on ordering (Ab) with a lower wage 
rate. As the wage rate increased from Rs. 0.18 to Rs. 0.35 per 
man hour almost all the plans shifted positions except for the top 
four plans. Because these top four plans used family labour at a 
relatively lower level (in terms of higher income per man hour) by 
replacing crops like local Paddy and Wheat + Barley with a low 
income-labour ratio, such as Chillies and food grain crop-Wheat + 
Lentil. * A higher risk with an average peak wage rate explained an 
absolute overhauling in the ranking system (Cb) . At this stage 
only those plans were preferred that included crops like local 
Paddy which yields relatively less TGM and thus was not affected 
much by the risk coefficient. Further, these plans utilized 
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1 2 8 .
Tabic 6 .6  r e v e a l e d  the p r o j e c t e d  b e hav iou r  o f  l a rg e  
farmers  towards the  s e l e c t i o n  o f  p l a n s .  I t  was observed  t h a t  
r an k in g  o f  top  twenty  f i v e  p la ns  was a f f e c t e d  only m inu te ly  
when a lower r i s k  c o e f f i c i e n t  and wage r a t e s  were co n s id e re d .
But as the  wage i n c r e a s e d  from Us. 0 .18  to Us. 0.35 some more 
changes were n o t i c e d  in  the  bottom e leven  p l a n s .  A c o n s i d e r a t i o n  
o f  peak wage r a t e  caused major changes in r an k in g .  Indeed ,  a l l  
p l a n s  s h i f t e d  t h e i r  p o s i t i o n s  exce p t  p lan  4. Computat ions done 
wi th  high r i s k  a l lowance  d id  not  have much impact  w i th  lower 
wage r a t e  on the  rank ing .  But w i th  h ig h e r  wage r a t e s  i t  had *  
s i g n i f i c a n t  e f f e c t  on the  rank ing  o f  th e se  p l a n s .  When wage 
r a t e  was s e t  a t  50 p e r  cen t  o f  the  peak wage r a t e ,  an almost  
com ple te ly  d i f f e r e n t  r an k in g  was o b t a in e d  (Bb) . Some o f  the 
p la n s  were r e s t o r e d  to  t h e i r  o r i g i n a l  r a n k in g .  C o n s id e ra t io n  o f  
the  peak wage r a t e  w i th  a h i g h e r  r i s k  al lowance i n d i c a t e d  major 
a l t e r a t i o n s  in  t h e  r a n k i n g s .  The most im p o r ta n t  change was 
the  s h i f t  o f  th e  f i r s t  t h r e e  p lans  from the  top to the  bottom 
ten  p l a n s .  i h u s ,  from the  Tables  6 .5  and 6 .6  i t  Is apparen t  
t h a t  a t  h i g h e r  wages an d /o r  a t  h i g h e r  r i s k ,  p lans  occupying the  
middle p o s i t i o n  show r e l a t i v e l y  more s t a b i l i t y .
The above a n a l y s i s  s u g g e s t s  t h a t  i t  i s  th e  f u t u r e  developments 
in  l a b o u r  market n o t  t h e  r i s k  ( a s s o c i a t e d  to  y i e l d s  and p r i c e s ,  e t c . )  
which w i l l  a f f e c t ,  to  a g r e a t  e x t e n t ,  the  s e l e c t i o n  o f  th e s e  p la n s  
by t h e  farmers  in  the  s tudy  a r e a .  Another p o i n t  which emerged i s  
t h a t  only  the  p la n s  with  a lower expec ted  income and g r e a t e r  fami ly  
l a b o u r  use (p lans  w i th  low income pe r  family la b o u r  u n i t )  a re  
l i k e l y  to  be a f f e c t e d  most by employment o p p o r t u n i t i e s  t h a t  might  
s t r e n g t h e n  la b o u r  demand and r a i s e  wage r a t e s .
S im u la t i o n  a n a l y s i s  o f  t h i s  k in d  i s  a v a l u a b le  t e c h n iq u e  
in  a group approach which c o n s id e r s  a c t u a l  r e s o u rc e  s u p p l i e s  o f  
i n d i v i d u a l  f a rm e rs .  S ince  the  r e s o u r c e  s u p p l i e s  and p r e f e r e n c e  
f a c t o r s  used f o r  a n a l y s i s  i n  fo reg o in g  s e c t i o n s  are  average v a l u e s ,  
the  range o f  s o l u t i o n s  p rov ided  by the  s i m u l a t i o n s  exc ludes  some 
s o l u t i o n s ,  e . g . ,  fo r  t h o s e  having r e s o u r c e s  and p r e f e r e n c e s  
below o r  above th e  average  l e v e l .  I t  p rov ides  no s o l u t i o n  f o r  
th o s e  who po s se s s  h o ld i n g s  d i f f e r e n t  than  th e  average  s i z e  o f
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ho ld ings  (smal l  and l a r g o ) ,  nor  fo r  the farmer who p r e f e r s ,  
due to  t a s t e  e t c . ,  growing lo c a l  v a r i e t i e s  o f  Paddy i n s t e a d  o f  
h igh y i e l d i n g  v a r i e t i e s  o f  Paddy. Such problems r e q u i r e  
f u r t h e r  c o n s i d e r a t i o n s  and m o d i f i c a t i o n s  in th e  a n a l y s i s .
However, the  Monte Car lo  method i s  s u p e r i o r  to  l i n e a r  
programming wi th regard  to the  fo l lowing  p o i n t s .  (a) More 
o b j e c t i v e  func t ions  can be inc luded  s im u l ta n e o u s ly  r e p r e s e n t i n g  
wider  range o f  f a r m e r s ’ p r e f e r e n c e s ,  and t h e s e  fu n c t i o n s  may be 
o f  a r b i t r a r y  form. (b) C o n s t r a i n t s  need not  e xp re s s  p r o p o r t i o n a l  
r e l a t i o n s h i p s  and can be o f  the  form a + bx.  (c) A l t e r n a t i v e  
s o l u t i o n s  a re  computed and p r i n t e d .  (d) The v a r i a t i o n  i n t e r v a l  
o f  the  a c t i v i t i e s  can be determined  b e f o r e  hand and,  i f  d i v i s i b ­
i l i t y  i s  no t  assumed,  i n t e g e r  s o l u t i o n s  can be produced .  None 
the l e s s ,  l i n e a r  programming has th e  fo l lo w in g  advantages  over  
Monte Car lo  Method. (a)  Optimum s o l u t i o n s  i s  always de termined  
(a l though  under  given c o n d i t i o n s  on l y ) .  (b) Computation o f  shadow 
p r i c e s  y i e l d s  in fo rm a t io n  about  the p r o f i t a b i l i t y  o f  i n c r e a s i n g  
the  f ix e d  r e s o u r c e s .  (c) The computed v a r i a t i o n  i n t e r v a l s  o f  
the  ROVC i n d i c a t e  the  p r i c e  s t a b i l i t y  o f  the  optimum p l a n ,  
fu r th e rm o re ,  i t  i s  p o s s i b l e  to handle  much l a r g e r  problems in  
l i n e a r  programming than in Monte Carlo method.
The Monte Carlo method and l i n e a r  programming both  seem 
to  be very  s u i t a b l e  a id s  f o r  farm p l a n n in g .  I f  used  in  
complementary f a s h io n  they  can p rov ide  more r e a l i s t i c  and p r a c t i c a l  
answers to f a c i l i t a t e  d e c i s i o n  making.
C H A P T E R  7
S U MMAR Y A N D  C O N C L U S I O N S
In the p r e s e n t  s tudy  which aims at i n v e s t i g a t i n g  ways to 
improve economic c o n d i t i o n s  o f  the hi 11 area  and l i v i n g  s t a n d a r d s  
o f  the  p easan t s  th rough b e t t e r  p la n n in g  f o r  e f f i c i e n t  r e s o u r c e  
u t i l i z a t i o n  in  th e  farming s e c t o r ,  an a t tem p t  was made to  s tu d y  
optimum and sub -op t im a l  farm p la n s  a p p ly in g  l i n e a r  programming 
and Monte Car lo  s i m u l a t i o n  methods. In the p r o c e s s ,  the se  
t e c h n iq u e s  were compared in  o r d e r  to  f i n d  out  the  r e l a t i v e  
s u i t a b i l i t y  and t h e  m e r i t s  o f  th e s e  te c h n iq u e s  f o r  a n a l y s i s  o f  
such problems.
The fo reg o in g  a n a l y s i s  i n d i c a t e s  t h a t  f o r  s m a l l - h o l d e r  
a g r i c u l t u r e  th e se  farm p la n n in g  t e c h n iq u e s  (LR and Monte Car lo  
s im u l a t i o n  methods) a re  more a p p r o p r i a t e  for  a group o f  farmers  or  
fo r  a r eg io n .  ’Hie d i f f e r e n t  op t im a l  p lans  fo rm u la ted  s u g g e s t  the  
ways o f  e x p l o r i n g  the  p o s s i b i l i t i e s  o f  i n c r e a s i n g  farm income and 
o f  improving the  s t a n d a r d  o f  l i v i n g  o f  h i l l  f a rm e rs .  B r i e f l y ,  
the s tudy  prov ides  a number o f  c o n c lu s io n s  conce rn in g  r e s o u rc e  
a 11o c a t i o n .
1. There i s  some scope fo r  i n c r e a s i n g  farm income w i th  e x i s t i n g
technology th rough r e a l l o c a t i o n  o f  land  among d i f f e r e n t  
c ro p s .  As a r e s u l t  o f  t h i s  a 37 p e r  cen t  i n c r e a s e  in  TGM 
was observed on small  farms w i th  a f a l l  i n  food g r a in  
p ro d u c t io n  by 5 p e r  ce n t  whereas on l a rg e  farms an i n c r e a s e  
o f  32 p e r  cen t  in TGM was a s s o c i a t e d  with  a 18 p e r  c e n t  
d e c l in e  in  food g r a in  p ro d u c t io n  from the  e x i s t i n g  crop 
p l a n s . This  i n c r e a s e  in  TGM was a t t r i b u t e d  to  the  
c u l t i v a t i o n  o f  cash crops on a r e l a t i v e l y  l a r g e r  s c a l e  
than  c u r r e n t l y  be ing  u n d e r ta k en .  Under e x i s t i n g  techno logy  
(base s i t u a t i o n ,  i . c .  p lan  Al) the  crops  grown a re  
t r a d i t i o n a l  and t h e r e f o r e  most o f  t h e  la b o u r  and c a p i t a l  
r e s o u rc e s  a re  l e f t  unused.
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2. Some measures such as Improved and IlYVs of crops, livestock 
poultry enterprises, and credit facilities arc available 
for the improvement of present resource productivity and 
farm income under the assumption of assured availability 
of irrigation facilities. When these were fried in the 
analysis, their introduction ("alternative plans A3 to A8) 
reflected a great deal of crop diversification, with 
inclusion of some of the cash crops in the optimal farm plans 
that offer ready cash to meet expenses and thus improve the 
family economy. If some output was retained and consumed, 
nutritional value of the diet could be upgraded. Thus on 
both counts the changes could improve living standards.
From the analysis it appears that credit had a greater 
impact on the resource utilization (Tables 5.3 and 5.10), 
on the TOM (Tables 5.2 and 5.9) and on the mix of enterprises 
(Tables 5.1 and 5.8).
3. On small farms only two types of crop combinations were 
observed, one under the assumption of no credit restriction 
and the other with credit restriction. The optimal plans
showed an increase in TOM from Rs. 1798.34 and Rs. 2298.34 
per farm in plans A3 and A5 (with limited credit facilities) 
to Rs. 2218.97 and Rs. 3504.57 per farm in plans A4 and A6 
(with unlimited credit facilities) respectively.
Finally, TOM increased up to Rs. 6282.97 in plan A8, with 
unlimited credit. All the capital intensive activities 
like livestock and HYVs of cash and food crops were found 
to appear in plans when there was no credit restriction.
The optimal plans showed an increase in food grain production 
by 31 per cent to 27 per cent under the plans with limited 
and unlimited credit availabilities, respectively, over 
the existing farming system. Because in the plans with 
no credit restriction cash crops suppressed food crops, like 
Mandua, which accounted for the reduction in food grain 
production.
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4. Some minor changes in cropping patterns observed on large 
farms were attributed to greater credit availability.
On these farms too, cash intensive crops were excluded 
from the plans with the limited credit (plans A3 and A5) 
assumption. An increasing pattern was observed in TOM 
ranging from R s . 4999.60, in plan A3, to R s . 9364.08 in 
plan A8. However, food grain production declined 
noticeably in all the plans except in plans A3 and A4, 
because of the inclusion of Potatoes (except in plan A5) 
and cross-bred cows in the optimal plans. These restricted 
the cultivation of relatively less profitable crops i.c. 
improved varieties of Paddy.
5. band was utilised to its fullest capacity given the different 
constraints, however in Rnbi season a considerable area
of unirrigable land remained unutilised in plans A3 and AS on 
both the farm sizes owing to credit shortage. MVP values 
showed that irrigable land is the most scarce resource in 
both the seasons, on large as well as on small farms.
The attempt made to improve economic conditions of the hill 
farmers in the long-run by relaxing the irrigable land 
constraint yielded higher income (TOM) , suggesting expansion 
of irrigation facilities would serve as a major breakthrough 
in the agriculture of the hill area.
6. ihc analysis explores the implications of changes in farm 
plans on employment opportunities in the hill region which 
have been a major problem in the area. With the introduction 
of improved technology, requirements for farm labour rose
by about 29 per cent and 68 per cent on small and large 
farms respectively. Scarcity of human labour varied 
under different plans in different months. More precisely 
May, October, and November months were found to be most 
critical labour periods in the area.
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7. Another most im por tan t  r e s o u rce  c o n s id e re d  in t h i s  a n a l y s i s
was c a p i t a l  and i t  was found to  lie s p e c i a l l y  s c a r c e  
under  improved tech n o lo g y .  The a n a l y s i s  e x p l a in e d  a 
p o s i t i v e  r e l a t i o n s h i p  between c r e d i t  supp ly  and TGM.
The u n l i m i t e d  c r e d i t  a v a i l a b i l i t y  assumption made under 
proposed  a l t e r n a t i v e  p la n s  wi t h improved te chnology  
s ugges ted  a huge sum o f  c r e d i t  had to  be made a v a i l a b l e  
to  s u p p o r t  t h e se  p l a n s .  The use o f  huge amounts o f  
c r e d i t  i s  no t  only  i n f e a s i b l e  bu t  uneconomical  t o o .
The p a ra m e t r i c  programming, e x e r c i s e  c a r r i e d  out by relaxing,  
l i mi t e d  c r e d i t  a v a i l a b i l i t y  i n d i c a t e d  only  a l i m i t e d  use 
o f  c r e d i t  in  a d d i t i o n  to  the  c r e d i t  made a v a i l a b l e  
o r i g i n a l l y  (Tables  5.15 and 5 . 1 6 ) .
'Ihe r e s u l t s  o f  the  l i n e a r  programming e x e r c i s e  i n d i c a t e d  only 
what ought to  be done.  Assuming i t  d id  not  p rov ide  i n f o r m a t io n ,  
f o r  example,  on whether  farmers  would adopt  the  recommended p la n s ,  
f u r t h e r ,  l i n e a r  programming d id  not  p rov ide  a l t e r n a t i v e  s o l u t i o n s  
fo r  f ix e d  r e s o u r c e s  and igno red  p r e f e r e n c e s  a s s o c i a t e d  with  each 
farm. T h e re fo re ,  to  overcome some o f  t h e s e  l i m i t a t i o n s ,  the  
Monte Carlo S im u la t i o n  method was i n t r o d u c e d .
Ihe  Monte Car lo  method,  g e n e r a t i n g  a number o f  sub-op t im a l  
s o l u t i o n s  in c o n s i d e r a t i o n  o f  d i f f e r e n t  p r e f e r e n c e s  and r e s o u rc e  
a v a i l a b i l i t i e s ,  s u g g e s te d  v a r io u s  a l t e r n a t i v e s  to  the  op t im al  
s o l u t i o n s .  By fo l lo w in g  th e se  sub-op t im al  p l a n s ,  farmers  can 
a t t a i n  as h igh  as 99 p e r  c e n t  TGM o f  the  op t im al  s o l u t i o n  w hile  
f u l f i l l i n g  p e r s o n a l  demands as we l l .  F u r t h e r ,  i t  he lp s  the  farmers 
to minimise u n c e r t a i n t i e s  a s s o c i a t e d  wi th  the  newly in t r o d u c e d  
a c t i v i t i e s  by p r o v id i n g  p l a n s  wi th v a r i a b l e  l e v e l s  o f  the  a c t i v i t i e s .  
Unlike l i n e a r  programming,  i t  does pe rm i t  the  i n c l u s i o n  o f  more 
than one o b j e c t i v e  i n  the p la n  fo rm u l a t io n ,  thus  improving the  
q u a l i t y  o f  su b -o p t im a l  s o l u t i o n s .
In an a t tem p t  to  i n c o r p o r a t e  r i s k  which cou ld  a r i s e  due t o  
v a r i a t i o n s  in  p r i c e s ,  y i e l d s  and l a b o u r  market s i t u a t i o n s ,  Monte 
Carlo s o l u t i o n s  gave some im p o r tan t  i n fo rm a t io n  to  a s s i s t  farmers 
in  t h e i r  d e c i s i o n  making.  The a n a l y s i s  p o in t e d  out  t h a t ,  in  g e n e r a l ,
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a plan which is considered to be the best according to the highest 
expected ROVC would also generally be satisfactory, though not 
always, under risky conditions. All the plans of middle ranking 
showed considerable stability in their ordering. Analysis revealed 
that an increase in employment opportunities would affect the 
reordering of plans to a greater extent than the probability of 
higher risk and thus would influence the farmers’ strategy for 
plan selection.
On the basis of the above discussion, certain recommendations 
can be made to help the farmers in attaining higher farm income and 
thus raising their living standards, 'lbcse can be stated as 
fo1 lows:
1. HYV Paddy (Bala § I.R. -24), Chillie, Soybean, Capsicum,
Wheat (HYV), Tomatoes, Frenchbeans, and Potato crops which 
were included in almost all the alternative plans are new
to the area. Therefore, there would be an immediate need to 
establish some agency which can supply HYV seeds, fertilizers, 
and agro-chemicals to the farmers in the area. Some of 
these crops, especially vegetables, arc perishable and 
require an immediate market. Thus market facilities for 
these crops would be needed to ensure timely disposal and 
high returns for the farmer.
2. The adoption of the new technology requires a substantial 
amount of credit at the farm as well as at the Block (an 
administrative unit) level, so there would be a need for 
effective institutions for providing short-term credit to 
the farmers along with the medium and long-term loans on 
easy terms.
3. It was also observed that in addition to HYVs of crops, 
farm income could be increased by introducing livestock 
and poultry enterprises. Therefore, there would be a need 
to develop and improve livestock breeds by opening 
artificial insemination centres, so that in the long-run 
farmers may get their own improved calves and heifers.
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Poultry development programme would also have to be 
undertaken in the area from where the farmers would get 
the chicks and their feed, medicines, etc. As products 
of all these enterprises are also perishable the market 
facility would need to be able to handle livestock 
products. All the above-mentioned measures again would 
require an efficient input distribution system as well as 
developed product market and would further require short 
to long-term credit supplies for the successful 
operation of these markets.
4. Since the recommended cropping patterns would not provide 
the traditional food requirements of the hill farmers,
it would be imperative to provide these goods through 
other sources to meet the traditional demand of the farmers.
5. Lastly, extension services would have to be reorganised 
and workers trained in the new crop and livestock 
combinations. Further, education facilities would need 
to be provided for adults in the area which would enable 
them to understand the changed situations and to decide 
what is best for the family and the community as a whole.
The alternative resource use plans discussed in this study 
roughly indicate the possibilities for increasing farm income, 
production, and employment on the average sized farm of two groups 
small and large - in the study area. Though these results arc 
quite encouraging from a planning viewpoint, caution is needed in 
deriving recommendations for application in the study area itself. 
Like any other study, this analysis is also subject to limitations, 
particularly with regard to data. More specifically the 
limitations of the study are as follows:
1. The data in this study, used to represent actual situations
in the hill region, were derived (for all the improved and 
I1Y crops and livestock enterprises) from demonstrations 
and trials and not from farms. Accordingly input-output 
coefficients may not truly reflect actual farm conditions.
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2. The plans were made without including horticultural crops 
and, therefore,may be considered incomplete. Data should 
be collected on fruit crops in particular which are much 
more suitable than food crops for the slopes of the hill 
areas .
3. To carry out these plans under improved technology an 
assumption is made in this study of assured irrigation, 
without which these plans can not he implemented. It is 
beyond the scope of this study to test the feasibility of 
the construction of such facilities, but this would of 
course be a crucial pre-requisi tc for the reorganisation 
of production as suggested.
'I1\c static models used in this study have certain limitations:
(a) They do not take into account the growth aspects of 
the farm firm. This was largely indicated by the 
fact that the data were collected for a single 
cropping year, 1973-1974;
(b) Question of capital accumulation and transfer arc 
not dealt with these models; and
(c) No consideration is given to changes in prices and 
technology over a period of time.
It would be helpful to investigate these plans using a 
dynamic model that could examine some of these possibilities.
In sum, the study presents a number of alternative ways of 
improving the resource allocation of small and large farms in the 
hill areas and also the possibilities for improving farm incomes, 
using existing technology as well as improved technology.
Since optimal solutions generated by the use of Linear Programming 
have restricted use in smallholder agriculture due to the wide 
variability in farm resource endowment situations, Monte Carlo 
Simulation Programming was employed to generate a number of 
alternative farm plans. These sub-optimal plans provide a choice 
of farm plans which might approximate the farmers' production logic,
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p a r t i c u l a r l y  under s i t u a t i o n s  o f  r i s k  and u n c e r t a i n t y .  I t  i s  
e v id e n t  from the s tudy  t h a t  t h e r e  a rc  s u b s t a n t i a l  o p p o r t u n i t i e s  
fo r  b r i n g i n g  about  development i n  the  h i l l  r e g io n  o f  U t t a r  P radesh .  
Besides the  farm improvement o p p o r t u n i t i e s ,  th e  s tudy  has a l s o  
demonst ra ted  the u s e fu ln e s s  o f  L inear  Programming and Monte Car lo  
S im ula t ion  Programming in s tu d y in g  the r e s o u rc e  a l l o c a t i o n  problem 
under  p r e s e n t  farming c o n d i t i o n s .  Tt i s  c l e a r  t h a t  th e  Monte Car lo  
S im u la t ion  techn ique  p ro v id es  v a l u a b le  i n s i g h t s  i n t o  r e s o u rc e  
a l l o c a t i o n  problems and i s  a u s e fu l  complement to  L inear  Programming 
as a t o o l  for  i n v e s t i g a t i n g  p e a s a n t  farming problems.
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A P P E N D I X  II
POPULATION AND AREA OF STATES/UNION TERRITORIES IN INDIA (1971)






Uttar Pradesh 88.3 294,413 Jammul Kashmin 4 .6 222,236
Hi har 50.3 173,876 11 imanchh1 Pradesh 4 .5 55 ,67.3
Maharashtra 50.4 307,762 Tripura 1 .6 10,477
West Bengal 44.3 27,853 Manipur 1 .1 22,356
. Andhra Pradesh 43.5 276,754 Ma glial ay a I .0 22,486
Madhya Pradesh 41 .6 442,841 Nagaland 0.5 16,527
Tamil Nadu 41.2 130,069 Union Territories
Mysoor 29.3 191,773 Delhi 4.1 1,425
Guj rat 26.7 195,984 Goa Damant Diu 0.9 3,213
Rajsthan 25.8 342,214 Pondichcri O'. 5 420
Orrisa 21 .9 155,842 Arnunchal Pradesh 0.5 23,578
Kerala 21.3 38,864 Chandigash 0.3 114
Assam 15 .0 99,610 Andman ft Nicobartsi 0.1 8,293
Haryana 10.0 44,222 Dadra II Ngr 0.07 491
L .M. 1, A. Isis. 0.03 32
India 547.95 3,280,483
Source: Uttar Pradesh - A Portrit of Population (1975). Director 
of Census Operation, Census of India, U.P. pp. 8-9, 18-19.
144 .
A P P E N D I X  I I I
LIST OF INDICATORS USED IN REGIONAL IDENTIFICATION
1. D e n s i ty  o f  P o p u l a t i o n  i ter s q . km. (1971 ) .
2. P e r c e n t a g e  i n c r e a s e  o f  P o p u l a t i o n  in 1971 o v e r  1961.
3. C u l t i v a b l e  a r e a  p e r  a g r i c u l t u r a l  worker  ( 1 9 0 7 -1 9 6 8 ) .
4 . P e r c e n t a g e  d i s t r i b u t i o n  o f  r u r a l  h o u s e h o ld s  w i t h  l e s s  t h a n  
2.S a c r e s  (1 .01  h e c t a r e s ) .
5 . P e r c e n t a g e  o f  g r o s s  a r e a  i r r i g a t e d  t o  g r o s s  a r e a  sown (1 9 7 0 -1 9 7 1 ) .
6 . P e r c e n t a g e  o f  a r e a  sown more t h a n  once t o  ne t  a r e a  sown ( 1 9 6 0 -1 9 7 0 ) .
7. P e r c e n t a g e  o f  v i l l a g e s  and towns e l e c t r i f i e d  (1971 ) .
8. Per c a p i t a  consumpt ion  o f  e l e c t r i c i t y  ( 1 9 6 8 -1 9 6 9 ) .
9.  No. o f  w o rk e rs  p e r  l akh  o f  p o p u l a t i o n  employed in  r e g i s t e r e d  
f a c t o r i e s  ( 1 9 6 9 ) .
10. Length o f  m e t a l l e d  r o a d s  p e r  p e r c e n t a g e  o f  Bombay p l a n  t a r g e t  
(1969)  .
11. P e r c e n t a g e  o f  l i t e r a c y  (1971 ) .
12. H o s p i t a l  beds  p e r  l akh  o f  p o p u l a t i o n  (1 9 6 7 -1 9 6 8 ) .
13. Bank o f f i c e s  p e r  m i l l i o n  p o p u l a t i o n  ( 1 9 7 0 ) .
SOURCE: Kadckodi ,  G. and S ingh ,  V.S .  (1 9 7 3 ) :  Regiona l  D i s p a r i t i e s
and Areas  w i th  S p e c i a l  Problems i n  U t t a r  P r a d e s h .
I n d ia n  J o u rn a l o f  R e g io n a l S e i e n d e 7 ( 1 ) ,  p .  67.
A P P E N D I X  IV
PLANNING REGIONS INCLUDING DISTRICTS IN UTTAR PRADESH
Regions Hi sirlets
Eastern (1) Allahabad, (2) Azamgarh, (3) Bahraich, (4) Balia, 
(5) Basti, (6) Deoria, (7) Eaizabad, (8) Ghazipur,
(9) Gonda, (10) Gorakhpur, (11) Jaunpur, (12) Mi.rzapur, 
(13) Prntapgarh, (14) Sultanpur, (13) Varanasi.
Runde 1 khaml (1) Bundn, (2) Ilaniirpur, (3) Jalaun, (4) Jhansi.
Hi 11 (1) Almora, (2) Dchradun, (3) Chamoli, (4) Nainital, 
(3) Porigarhwal, (6) Pithoragargh, (7) Tchrigarhwa1, 
(8) IJttarkashi .
Central (1) Barabanki , (2) Eatchpur, (3) Hardoi, (4) Kanpur, 
(3) Klicrl, (6) Lucknow, (7) Raebarcli, (8) Sitapur, 
(9) llnnao.
Western (1) Agra, (2) Aligarh, (3) Bijnor, (4) Badaun,
(3) Bündelkhaiul, (6) Etah, (7) Etawah, (8) Earukhabad, 
(9) Mainpuri, (10) Mathura, (11) Meerut, (12) Morndabad, 
(13) Muzzaffamagar, (14) Rampur, (13) Pilibhit,
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A P P E N D I X  VI
LEVEL AND COMPOSITION OF ANNUAL FAMILY INCOME BY SIZE 
GROUP OP FARMERS IN BMI KIÄSEN BLOCK, 1973-1974
Farm Sizc 
(hcct.)
Farm Income (Rs ■ ) Off Farm Income (Rs.) F a m i l yIncome
(Rs.)Crops
Livestock Total Labour Total
Below 0.30 409 216 625 358 730 1,355
(30.18) (15.95) (46.12) (26.43) (53.87) (100)
0.30-0.60 247 313 1,160 209.58 1,101 2,261
(37.46) (13.84) (51.30) (9.26) (48.69) (100)
0.60-1.00 1,337 446 1,780 76.42 89 3 2,676
(49.96) (16.66) (66.62) (2.85) (33.37) (100)
1.00 and 2,170 688 2,058 4 3.30 1 ,077 3,9 33
above (55.14) (17.48) (72.63) (1.10) (27.36) (100)
All 1,353 460 1,813 144.58 979 2,792
(48.45) (16 .47) (64 .93) (5.17) (35.06) (100)
Source: Dept, of Agric. Ficon. (1976): Surat Area Development.
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INDICES OE INCOME INEQUALITY IN BillKIASEN BLOCK
(1973-1974)
Type of Income Incomc Inequality Indi CCS






farm Income 0.1761 0.3028 0.4902
Off-farm Income 0.1917 0.5371 1 .04 22
Total family 0.3887 0.4 367 0.8.376
Income
Source: Dept . of Agric. Peon. (1976): Rural Ar<'a D('Ve.lnpmen/,.
College of Agriculture C.B. Pant IJni v. of Ag. 8 Tech., 
Pantnagar, India.
APPENDIX IX
YIELD RATES OE MAJOR CROPS AND LIVESTOCK IN BHIKIASEN
BLOCK, (1973-1974)
Crop/L. S Yield Rate
Paddy (1) 10.87 Q/ha. - Wheat (L) 7.41 Q/ha.
Mandua CL) 10.37 Q/ha. - Barley (L) 9.5 3 Q/ha.(Inter-
Jhungra (1) 6.92 Q/ha. Inter-cropped 
with Paddy
Lenti 1 (I) 4.77 0/ha cr°PPetQ/h with
wheat)
Bhat (L) 4.92 Q/ha. Inter-cropped with Mandua
Lahi (L) 1.80 Q/ha.
Gauhat (L) 2.47 Q/ha. Inter-cropped 
with Mandua
Potatoes (L) 65.25 0/ha.
Urd (L) 3.95 Q/ha. Inter-cropped 
with Mandua
Cow (L) 1.0 Lt/day
Chi 1 lies 3.95 Q/ha. - Buffalo (L) 2-3 t f
Source: Dept, of Agric. Leon. (1976): Rural Area Development.
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A P P E N D I X  X I  l a
LIST OF ACTIVITIES CONSIDERED UNDER EXISTING 
AND IMPROVED TECHNOLOGY
A c t i v i t i e s A c t i v i t i e s
X1 = Paddy ( l o c a l ) xi “
X2 ‘ Paddy (L) + Jhung ra X2 =






Mandua + Urd X4 =
X5 ■ Mandua + Gauhat X5
V  = C h i l l i e s X6 =
X ii Summer P o t a t o e s X7
X8 = Rabi P o t a t o e s X 8  =
X9 = Wheat ( l o c a l ) X9 *
xi o = Wheat + B a r le y xi o
xn=Wheat + Lahi Xl l =
X12 = Wheat + L e n t i l X12=
x, = Rabi f a l l o w X. 7 =13 1 3
X16 = Labour h i r e  i n X14 =
X17 =
Labour  h i r e  i n X1S =
X18=
Labour h i r e  i n X16 =








Labour h i r e  in X18 =
X14 = Milch cow ( l o c a l ) X19=





K h a r i f  c r e d i t  from an 
i n s t i t u t i o n a l  s o u r c e X21 = 
x22 =





Paddy - I . R.  24 
Paddy - Gala  
Mandua + IJrd 
Capsicum 




Summer P o t a t o e s  ( u n i r r i g . )  
Summer P o t a t o e s  ( i r r i g . )
Rabi P o t a t o e s  ( u n i r r i g . )
Rabi  P o t a t o e s  ( i r r i g . )
Wheat (HYV)
Peas
Oats  ( f o r  f o d d e r )
Paddy (L) + J h u n g r a
Rabi  f a l l o w
Milch  b u f f a l o  ( l o c a l )
Milch cow ( c r o s s - b r e d )
P o u l t r y  (50 b i r d s  as 1 u n i t )
Labour  h i r e  i n
Labour  h i r e  i n
Labour  h i r e  i n
Labour  h i r e  i n
Labour  h i r e  i n
K h a r i f  c r e d i t  f rom an 
i n s t i t u t i o n a l  s o u r c e
Rabi  c r e d i t  from an 
i n s t i t u t i o n a l  s o u r c e
153.
A P P E N D I X  X I Ib
LIST OF RESOURCE ENDOWMENTS AND RESTRICTIONS UNDER 
EXISTING AND IMPROVED TECHNOLOGIES
Under Existing Technology
bj = Kharlf paddy land
= Kharif other land
b„ = Rabi wheat land
b„ = Rain other land 4
b = Labour available in peak pd. 
by = Labour available in peak pd.
1)^ = Labour available in peak pd. 
b - Labour available in peak jul.0
by = Labour available in peak pd. 
bjQ= Cash available (owned) in Kharif 
b  ^= Cash available (owned) in Rabi 
b^2 = Max. area under Sum. Potatoes
b, = Max. area under Rabi Potatoes13
b, = Max. area under Chillies14
b £= Min. area under Mandua + Bauhat
b, = Min. area under Mandua + Bhat 16
b^y= Min. area under Wheat + Lahi 
In 0= Rabi fallow
1 o
b^y= Max. No. of Milch buffalo (L) 
b 2 o= Max• No. of Milch cow (L)
b = Max. No. of Poultry Units 2 8
b = Max. amount of credit available 
in Kharif
b = Max. amount of credit available 
in Rabi.
Under Improved Technology
b^  = Kharif Irrigable land
b? = Kharif rain fed land
b^ = Rabi Irrigable land
b^ = Rabi rain fed land
b,. = Labour available in peak pd.
by = Labour available in peak pd.
b = Labour available in peak pd.
bg = Labour available in peak pd,
b = Labour available in peak pd
b = Cash available (owned) in 
Khari f
b = Cash available (owned) in 
1 Rabi
h12= Min. area under Mandua
b13= Min . area under Peas
b14 = Min. area under Paddy (1)
IIr—H
2^ Max. area under Capsicum
bl6 = Max. area under Chillies
bl7 = Ma x. area under Tomatoes
b18^ Max. area under French bean
b 19 ~ Max. area under Sum.Potatoc
b20= Ma x. area under Sum.Potatoc
b21 = Max. area under Sum.Potatoc
b22 = Max. area under (fodder)
Oats
b23= Max. area under Soybeans
b24 = Rabi fallow
b = Max. No. of Milch cow 
(local)
b = Max. No. of Milch buffalo 
(local)
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